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This report  provides a comprehensive sumnary of de t a i l ed  
t r a j e c t o r y  and f l i g h t  dynamics analyses data which are applicable 
t o  the  Saturn I B  launch vehicle  f o r  the AS-205/CSM-101 mission. 
A l l  analyses docmented herein were generated i n  the  Aerospace 
Physics Branch, Chysler Corporation Space Division by authoriza- 
t i o n  of a r s h a l l  Space F l i g h t  Center, National Aeronautics and 
Space Administration, under Contract NAS8-4016, Schedule 11, 
Modification MSFC-1, Amndment 37, BB Item 3 -1.3-15-201, DUR-R- 
AEW-4. 



Contained i n  t h e  r epor t  are the  summary of r e s u l t s  and 
desc r ip t ion  of de ta i l ed  t r a j e c t o r y  ( r i g i d  bo@) and f l i g h t  dy- 
namics ( f l e x i b l e  bo*) analyses which are applicable t o  the  
Saturn IE launch vehicle f o r  t h e  Apollo-Saturn 205/CSM-101 mission. 
The documentation is divided i n t o  two sect ions.  Section 1, 
SUMMARY OF ilESTLTS, is an  integrated swmnam of conclusions ob- 
t a ined  from each analysis .  Section 2, ANALYSES, is a co l l ec t ion  
of techr.ica1 presectat ions in each of which are described t h e  
sV~:d:r assumptions, mathematical models, a n a l y t i c a l  approaches 
and %he results obtained. 
cluded p e r t a i n  to: 

. 

The s p e c i f i c  analyses which are in- 

1) L i f t o f f  Motion 
2) 
3 )  

L) H-1 Engine Out Con t ro l l ab i l i t y  

5)  
6 )  

?he data r e s u l t s  f o r  the nominal and o f f  nominal vehicle 

i i igid Body 9oost F l i e h t  Wind Limits 
Flexible  Eod: Fl igh t  Simulation f o r  Real and Synthetic 

Winds 

S-IS/S-IvE Stape Sepamtion Relative Motion 
A u x i l i a r y  Propulsion S-vstern O r b i t a l  Propellant Requirements 

f l i p h t s  are presented i n  t h e  form of time h i s t o r i e s  and envelopes 
of extreme values f o r  s i g n i f i c a n t  de t a i l ed  t ra jectoxy and f l i g h t  
dynamics parameters. For f l i g h t s  i n  which the vehicle is subjected 
t o  extreme winds o r  system malfunctions, there  are add i t iona l  dis-  
plays i n  the  form of f l i g h t  l imitat ions imposed by launch pad ob- 
s t r i c t i o n s  , vehicle c o n t r o l l a b i l i t y  requirements, vehicle s t r u c t u r a l  
ir.',egrity, and stage separat ion clearance distance.  



I hT!?DDUCTION 

The primary mission f o r  the kS-205/CSM-101 Saturn I B  launch 
vehicle is t o  i n j e c t  t h e  manned Block I1 Apollo spacecraft  i n t o  
an  e l l i p t i c a l  near e a r t h  o r b i t  having a I20 nau t i ca l  mile perigee 
and a 150 nau t i ca l  mile apogee. 

,mission is t o  veri?? the  spacecraft/crew operations and subsystems 
performance f o r  an  o r b i t a l  mission. 

. 

The primary obJective of t h i s  

The AS-205/CSM-101 Saturn I B ,  which is  comprised of an S-IB 
f i r s t  s tage,  an S-IVB second s tage,  an Instrument Unit, and a pay- 
load consis t ing of t h e  launch Escape System (US), Command Module 
(CH) , Service Module ( 3 4 )  , and a Spacecraft Lunar Module Adapter 
(SU) is t o  be launched from Cape Kennedy Launch F a c i l i t y  34. 
r i s i n g  ve r t i ca l27  f a r  10 seconds, the booste? i n i t i a t e s  a r o l l  
rnaneuver f r m  “,e 100 degree launch azimuth t o  the 72 degree f l i g h t  
azimuth s imdtaneously with a tim dependent pi tch program. 
S-12 s tage propels the vehicle e s s e n t i a l l y  i n  a gravi ty  t u r n  f l i g h t  
p a t h  mtil  an approximate S-IB/S-IVB Separation time of 144.: seconds. 
A t  3-IB/S-IVB separation, the predicted range , a l t i t u d e  , i n e r t i a l  
velocit::, and i n e r t i a l  f l i g h t  path angle are approximately 62.0  
k i lone te r s ,  62.0 kilometers, 23FL meters per second, and 63 .4  degrees, 
respectively.  After S-IB/S-IVB stage separation, the S-IVB stage 
is  r o l l  s t a b i l i z e d  by the Auxiliary Propulsion System while s t ee r ing  
sierials a r e  provided i n  the pi tch and yaw planes by the I t e r a t i v e  
!hidance Mode. 
mte Guidance Cntoff Signal time of 61L.6 seconds a f t e r  l i f t o f f .  
A t  Guidance Cutoff S i m a l ,  the predicted range, a l t i t u d e ,  i n e r t i a l  
-ieiocit:., and i n e r t i a l  f l i g h t  path angle a re  approximately 1 V O  ki lo-  
meters, 22F kilometers, 7781 meters per second, and 90 degrees, re- 
spectively.  The nominal AS-205/CSM-101 mission t r a j e c t o r y  which is 
1:sed as the basis  f o r  the analyses reported herein, is documented i n  
?e ference 2 9. 

After 

The 

The S-IVB stage propels the payload u n t i l  an approxi- 

oiv- 



TAB& 'OF CONTENTS 

FOREWRD 

ABSTRACT 

INTRODUCTION 

TABLE OF CONTEXTS 

LIST OF FIGURES 

LIST OF TABUS 

SECTION 1 . 

SUMMARY OF FiESULTS . 

1.1 LIFTOFF MOTION 
1 .2  
1.3 

R I G I D  B3DY BOOST FLIGHT WIND LlMITS 
FLEXIBLE BODY FLIGHT SIMULATION FOR HEAL AND 

SYNTHETIC WINDS 
1 .4  H-1 EZINE OUl' CONTROLLABILITY 
1.5 
1.6 

S-IB/S-IVB STAGE SEPARATION RELATIVE MOTION 
AUXILIARY PROPUISION SYSTEN ORBITAL PRDF'EWT 

REQUIRPiENTS 

SECTION 2 

ANALYSES 

2 . 1  LIFTOFF MOTION 
2 .1 .1  Objective 
2.1.2 Discussion 
2.1.3 Results 

2.2 R I G I D  BODY BOOST FLIGHT W I N D  LIMITS 
2.2.1 Objective 
2.2.2 Discussion 
2.2.3 Results 

2.3 

2.3.1 Objective 
2.3.2 Discussion 
2.3.3 Results 

FLEXIBLE BODY FLIGHT SIMUZATION FOR REAL AND 
SYNTHETIC WINDS 

Pane 
ii 

iii 

iv  

V 

v i i  

x i i i  

2 
3 

4 
5 
6 

7 

9 
9 
11 

13 
13 
15 

17 
17 
lf? 



2.4 H- i  ENGINE OUT CON!I‘MILIABILITY 
2.4.1 Objective 
2.4.2 Discussion 
2.4.3 Results 

2.5 
2.5.1 Objective 
2.5.2 Discussion 
2.5.3 Results 

S-IE/S-IVB STAGE SEPARATION RELATIVE MOTION 

2.6 ATJXILIARY P R O W I S I O N  SYSTEM ORBITAL PRDPELJANT 

2.6.1 Objective 
2.6.2 Discussion 
2.6.3 Results 

FtEQUIRJ3MENTS 

GOVERNMENT FURNISHED IXIClMENTATION 

IXFERENCES 

DISTRIBUTION 

19 
IC 
23 

26 
26 
28 

3c 
30 
30 

174 

11 7 

12Q 



LIST OF FIGURES 

Fimre Xo. a 
1 

2 

3 

4 

5 

0 

c1 
I 

8 

9 

10 

11 

l2 

13 

14 

1 5  

16 

1” 

1EJ 

Cape Kennew Launch Fac i l i t y  34 Umbilical Tower 
P ro f i l e  

L i f to f f  Gemetrg LC-31* 

Cape Kennedy Surface Wind Prof i les  

AS-205/CSM-101 Drift Versus Wind Speed 

kS-205/CSM-101 L i f to f f  Umbilical Tower Coll is ion 
Wind Limi t  f o r  Apollo Access A r m  Platform 

AS-205/CSM-101 L i f to f f  Wind Speed and Composite 
Comrol Deflection Combination L imi t  

AS-205/CSM-lCIl L i f to f f  Engine Fa i lure  C r i t i c a l  
Times for  95% QSS Design Surface Wind 

AS-205/CS&101 L i f to f f  Ewine Fa i lure  Wind 
Re s t r i c t  ion 

AS-205/CSM-101 Clearance T i m  f o r  Engine Fai lures  

AS-205/CSM-101 L i f to f f  Single Actuator Hardover 
C r i t i c a l  Times fo r  95% Design Surface Wind 

AS-205/CSM-101 L i f to f f  Single Actuator Hardover 
Wind L i m i t s  

AS-205/CSM-101 Nominal F l igh t  Ratio of Control 
Gimbal Deflection t o  Angle of Attack (Steaav S ta t e )  

AS-205/CSH-101 Nominal F l igh t  Dynamic Pressure and 
Trim Pitch Angle of Attack 

AS-205/CSM-101 Control System Gains S-IB Stage 

AS-205/CSM-101 St ruc tu ra l  L i m i t s  f o r  a 1.4 Safety 
Factor 

AS-205/CSM-101 C r i t i c a l  qa Ratio fLssponse t o  t h e  
Most Res t r ic t ive  9% QSS and Jhsign Tailwind 

AS-205/CSH-101 C r i t i c a l  qa Ratio (S.F. = 1.4) vs 
@S Wind Speed fo r  Each Wind Direction a t  the  Worst 
Alti tude (12 KM.) 

AS-205/CSM-101 Boost F l igh t  Head-Tail Wind Speed 
Limits for Nan-Wind Riased Tra jsc tor r  

32 

33 

34 

35 

30 

37 

3e 

39 

40 

41 

42 

43 

1r4 

45 

46 

47 

18 

119 



LIST OF FIGURE3 (CONT'D.1 

?i.r~re 5. 

90 

2 1  

22 

22 

2L 

25 

24 

c-. 

3 e  

20 

30 

31 

AS-20 5/C SH-101 Boost F l i g h t  Le f t  -!tight C r 3s swind 
Speed L i z i t s  for Non-Wind 2ias.ed 'ira:ectorr 

AS-2CS/CSX-iCI Eoost Fl igh t  Wind Speed L i m i t  a t  
Most Res t r i c t ive  Alt i tude of t h e  Non-Wind Biased 
Pa,' e c t 37,- 

A3-235/CSX-131 Boost F l igh t  Head-Tail Wind Speed 
L i m i t s  f o r  Xind Biased Trajectory 

AS-20 5/CSM-121 Boost F l igh t  Left-Right Crosswind 
Speed L iT i t s  f o r  Wind Biased Trajectory 

AS-205/CSM-191 Boost F l igh t  Wind Speed L i m i t  a t  
:tost "s t r ic t ive  Alt i tude (11 KM.) of t h e  Wind 
Eiased Tralectorly 

AS-205/CSM-lGl Envelopes of S-IB Stage F l igh t  
Att i tude Errors 

AS-2C fi/CS?4-lGl Envelopes of S-IB Stage F l igh t  
Att i tude Rates 

AS-2i?5/CSM-lCi ::nvelopes of S-IF Stage F l igh t  
>:r.cles <-?  Attack 

AS-205/SSM-lCl Envelopes of S-IB Stage F l igh t  
L'ont r o l  De f l e  c t  ions 

Response of t k e  AS-205 Vehicle t o  F l igh t s  Through 
A Spec t rm of S:rnthetic Wind Profi les  Based on 
Seasoral  (-.cltsber) and Directional (7?" Flight  
A i: inuth ) E w e  lope s 

2esFonse of :he AS-205 Vehicle t o  F l i g h t s  Through 
a Spec t rm of Synthetic Wind P ro f i l e s  Based on 
Seasonal (October) ar.d E i r e c t i o m l  (72" Fl igh t  
A z imutk) En=.e lopes 

::esponse of thb AS-20: '.'eehicle t o  F l i g h t s  Through 
a ,Ppect.-un of 5ynthetic Wind P ro f i l e s  Eased on 
Seasonal (Cctober) and Directional (72O' Flight 
Azimuth) h r e l o p e s  

idespor~e of tke. AS-205 Vehicle t o  F l i g h t s  Thr3ugh 
a Zpec tm.  of S:.-nthetic Wind P ro f i l e s  Based on 
Seasonal (October) and Di rec t ioml  (72O Fl igh t  

5L  

5'.' 

53 

Azimuth) Envelopes ;, 2 



LIST OF FIGURXS (COXT'D.) 

F i m e  No. . 

32 

33 

34 

35 

36 

37 

38 

35, 

40 

41 

L2 

Response of the  AS-205 Vehicle t o  Flight '  Through 
a Sample Real Wind Simulating Between Two Si- 
and Three Sigma Peak Wind Speeds i n  the  Month of 
October 

Response of the  AS-205 Vehicle t o  F l igh t  Through 
a Sample Real Wind Simulating Between Two Sigma 
and Three Sigma Peak Wind Speeds i n  the  Month of 
October 

Response of the AS-205 Vehicle t o  F l igh t  Through 
a Sample Real Wind Simulating Between Two Si- 
and Three Sigma Peak Wind Speeds i n  the Month of 
October 

Response of t he  AS-205 Vehicle t o  F l igh t  Through 
a Sample Real Wind Simulating Between Two Sigma 
and Three Sigma Peak Wind Speeds i n  the Month of 
October 

Response of the  AS-205 Vehicle t o  Flight Through 
a Sample Real Wind Simulating Between Two Sigma 
and Three S i p  Peak Wind Speeds i n  the Month of 
October 

Response of the  AS-205 Vehicle t o  F l igh t  Through 
a Samplo Real Wind Simulating Between Two Sigma 
and Three Sigma Peak Wind Speeds in the Month of 
0 c t  o ber 

Reponse of the  AS-205 Vehicle t o  Fl ight  Through 
a Sample Real Wind Simulating Between Two Sigma 
and Three S i w  Peak Wind Speeds i n  the Month of 
October 

Response of the AS-205 Vehicle t o  F l igh t  Thyough 
a Sample Real Wind Simulating Between Iko  Sigma 
and Three Sigma Peak Wind Speeds i n  the  Month of 
October 

AS-204 Engine Out Steer ing Campensation 

AS-205/CSM-101 Pitch and Yaw Control System Gains 
S-IVB Stage 

Nonthlv 99 Percentile Wind Envelopes fo r  t h e  7 5 O  
f 1 ight  Azimuth 

63 

64 

65 

G? 

i 9  

70 

71 

73 

"3 

-ix- 



LIST OF FIGURES (CONT'D.) 

F i m r e  No. 

43 

44 

45 

46 

47 

48 

49 

50 

5 1  

52 

53 

54 

if; 

AS-205/CSM-101 Envelopes of Peak Control Gimbal 
Deflection No Engine Fai lure  

AS-205/CSM-101 Envelope of Peak Control Gimbal 
Deflection No Engine Fa i lure  

AS-205/CSM-l01 Envelopes of Peak Bending Moment 
C r i t i c a l  Ratios (S.F. = 1.40) No Engine Fa i lure  

AS-20 5/CSM-101 Envelopes of Peak Bending Moment 
C r i t i c a l  Ratios (S.F. = 1.40) No Engine Fa i lure  

AS-205/CSM-101 Envelopes of MaximumControl Gimbal 
Deflections f o r  Engine No. 3 .Fa i lures  with No Winds 

AS-205/CSM-101 Envelopes of M a x i m u m  Control De- 
f lec t ions  f o r  Engine No. 4 Fai lures  During Boost 
with No Winds 

AS-205/CSM-101 Envelopes of Maximum Bending Moment 
C r i t i c a l  Ratios (S.F. = 1.4) f o r  Engine No. 3 
Fai lures  and Engine No. 4 Fa i lures  with No Winds 

AS-205/CSM-101 Staging Aerodynamic Moment on S-TVB 
Stage f o r  H-1 Engine No. 3 Fai lures  and H-1 Engine 
No. 4 Fa i lures  with No Winds 

AS-205/CSM-101 Staging Dynamic Pressure Times Total  
Angle of Attack fo r  Engine No, 3 Failures and Engine 

AS-205/CSM-1@1 Envelopes of Post Separation S-IVB 
Maximum Magnitude of Control Gimbal Deflection fo r  
Werst Case Engine Fai lure  During Boost with No 83 
W ir.ds 

No. 4 Fai lures  During Boost with No Winds 9: 

AS-205/CSM-101 Envelopes of Post separat ion S-IVB 
Maximum Manr.itude of Atti tude Error f o r  Worst Case 
Sngine Fai lures  During Boost with No Winds EL 

AS-205/CSM-101 Envelopes of Post Separation S-IVk 
Maximum Magnitude of Atti tude Rate f o r  Worst Case 
Engine Failures During Boost with No Winds 2 r, 

AS-205/CSM-101 Envelopes of Peak C o n t r d  Gimal 
Deflection Responses t o  a Spectrum of 95% ?es i n .  3 i l -  
winds and 50% Pesign Crosswinds fo r  knpine F!o. L 
Failures 84 

-X- 



LIST OF FIGUFlES (CONTfD.1 

AS-205/CSM-101 En-$elopes of Feak Bending Momer;t 
C r i t i c a l  b t i o  Responses (S.F. = 1.40) t o  a Spectrum 
of 95Sllesign Tailwinds and 50$ Design Crosswinds f o r  
Engine No. 4 Fa i lu re s  SI: 

AS-205/CSM-101 Envelopes of Peak Roll Attitude Re- 
sponses t o  a Spec t rm of 95% Design Tailwind and 50% 
Design Crosswinds f o r  Engine KO. 4 Failures  

AS-205/CS4-101 SepaTatior, Plane Clearance Scherratic 

AS-205/CSliI-l9l Stage Separatior. Single Engine T h x s t  
Curve s .:\? 

58 

go 

F i w e  No. 

55 

57 

42 

G L 

nC 

71 

72 

kS-205/CSK-lal Stage Separation S-IB Momer,t Schematic "1 

As-2C S/Zsl.!-lOl Stage Separatior, S-ITlrE Momer;t 
S c hem t i c CZ 

A..: -2@5/m-101 3 u En-Telope of S - 3 "  i-itch A t t  i t ade  
Error  1:3 

AS-205/6SM-l@1 35 Errelope o f  S-IYE Yaw Atti tude 
' ) l ,  -. 

I.. "nP3r - 
A~-205/2SN-101 3 u '.'n-:elDpe 3f S-3.1'3 Pall Attitude 
E r r o r  42 c; 

AS-305/CSM-101 3u Envelope of S-IVE Poqi Yaw Zate 0'. 

AS-205/CSM-101 ? u  Envelope o f  S-I!'!. Eo&: kcll !hate 'jp 

AS-iO5/CSM-101 3u Envelope of 5-2 Pitch Gimbal De- ( 1 ( 4  

f l e c t i o n  

AS-205/CSM-1@1 3u Emelope o f  5-2 Yaw Gimbal De- 
f lec t ior .  l ')o 

AS205/CSM-101 Separazim itelative Koti -,r. P r ~ f i l e  
'J i e w  101 

S-IVB StaRe Eneine Cerfig.ration - Fear Vlew 102 

A*Yciliaqr Propulsion System Open LOOF Cmt ro l  
S;*stem Elock Piacan lC3 

-xi- 



LIST OF FIGURES (CONT'D.1 

Figure No. PaRe 
73 AS-205/CSM-101 O r b i t a l  Atti tude Timelines 101 

74 AS-205/CSM-101 Orbi ta l  Propellafit Dump 5-2 Thrust 108 

-#- 



LIST OF TABLES 

Table No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

AS-205/CSM-101 L i f to f f  Sunnnav Ground Support 
Equipment 

H-1 Engine Thrust Misalignment Due t o  Vehicle 
E lec t r i ca l  & Mechanical Tolerances 

Sequence of Events 

Wind Response Dispersions f o r  AS-205/CSM-101 
Non-Wind Biased Trajectory 

Wind Response Dispersions f o r  AS-205/CSM-101 
Wind Biased Trajectory 

AS-205/CSM-101 Post Separation S-IVB Peak 
Dvnamic Responses Tolerances 

Stage Separation Tolerances Considered i n  the  
AS-20 ~ / c s M - ~ o ~  Single b t r o  Out C o ~ i s  ion 
AMXys is 

AS-205/CSM-101 Single Retro Rocket F a i l u r e  
Staging Analysis 

Proposed Maneuvers t o  Qual i fy  Manual Control 
of S-IVB on AS-205/CSM-101 Mission 

109 

110 

111 

112 

11 5 

118 

121 

12 1 

122 

123 



SECTION 1 
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1.1 LIFTOFF I-DTIOM 

. The clearance dis tance between the  AS-205/CSM-lOl launch vehicle  
d r i f t  envelope d w i n g  l i f t o f f  motion and the Cape Kennedy Launch 
F a c i l i t y  34 umbilical  tower is conveniently expressed as percent of 
i n i t i a l l y  ava i l ab le  clearance. The minimum percentage value occurs 
a t  two T,V. cameras mounted on the  Apollo Access A r m  Platform. 
l eve l ,  t he re  is a 3u 
velope will not xse more than 52.8 percent of t he  i n i t i a l l y  avai lable  
clearance dis tance during a November launch. 
equipment c o z s t i t u t e s  less of a c o l l i s i o n  hazard than the umbilical  
tower. The worst case wind speed limits which w i l l  insure  a 3u 
dit ior ,a l  Fro?Iabilit:; of tower clearance occurs f o r  a wind azimuth of 
1 % O .  

is 10.1 meters p r  seccr,d ( i . e , ,  U.1 mters per second peak wind speed) 
a t  the 60 f t .  refererxe l eve l .  The maximum allowable steady-state wind 
speed f o r  t h a t  azimuth with the T.V. came~?sremoved from the  Apollo 
Access A r m  ? l a t f o r o  is 19.6 meters per second (i .e. ,  14.e meters per  
second peak wind speed) a t  the 60 f t .  reference l eve l .  If the AS-205/- 
CSY-101 vehicle is sTlbjected t o  95 percent i le  design surface winds 
with a concurrent l o s s  of t h r u s t  i n  Engin-. No, 1 p r i o r  t o  3.50 seconds, 
c o l l i s i o n  with the Apollo Access Arm Platform w i l l  r e s u l t .  
res.21: appl ies  t o  the occurrence of yaw control  s i n g l e  actuator  hardover 
on Enc.ine No. 2 p r i 3 r  Lo 1.T seconds. 

A t  t h i s  
probabi l i ty  t h a t  t he  launch vehicle d r i f t  en- 

Close ground support 

con- 

The raximurr. allowable steady-state wind speed f o r  t h a t  azimuth 

The same 

-2- 



1.2" RIGID BODY EOOST FLIGHT WTND  ITS. 
. Rigid body boost f l i g h t  wind speed limits based Qpon t h e  cont ro l  

system l imi t a t ions  and s t r u c t u r a l  integrity of the  AS-20 j/CSM-101 
launeh vehicle  have been determined f o r  t h e  a l t i t u d e  interval between 
5 and 15, ki lone ters .  
wind biased and wind biased AS-205/CSM-101 mission first s tage  boost 
f l i g h t  tilt programs. 
modate an  August through October launch window. The l a t t e r  p i tch  
program is  an  alternative p i t c h  program designed t o  accommodate a 
Winter month launch should t h e  former p i tch  program prove inadequate 
f o r  t h a t  pwpose. 
e s s e n t i a l t r  i n  a headwind-tailwind l i m i t  s h i f t  bclt kave no appreciable 
e f f e c t  on crosswind linxits . 

The wind limits are es tab l i shed  f o r  both the  non 

The former p i t ch  program is designed t o  accom- 
. 

As expected, t h e  tilt program differences r e s u l t  

Wind speed limits f o r  t h e  n m  wind biased p i tch  program are most 
r e s t r i c t i v e  a: ar. a l t i t u d e  of 1: kilometers f o r  +,ailwinds. A t  t h a t  
a l t i h d e ,  the  tai1wir.d l imi t  i s  92 meters per second. 
CSf4-101 lame?. vehicle  can be flown through design ta i lwinds.  
bances other  than  wir,d speed used t o  e s t ab l i sh  t h i s  wind speed l i m i t  
a r e  99 percer.t shears  and gusts  and 30 C 1 ,  C2 var ia t ions .  
turbances are combined by the  root  sum square techniqle  t o  e s t ab l i sh  
the  peak wizd l i m i t .  
speeds f 9 r  the  monti;s August throllgh Jamaqr do not exceed the  5 t o  1 5  
k i h m e t e r  wind speed r e s t r i c t i o n s  f o r  the non wind biased tilt program. 
Therefare, t he  probaki l i t j j  t h a t  an  AS-205/CSM-101 launch using a non 
wir.d klased pi',ch p r o p a n  will be r e s t r i c t e d  by i n f l i g h t  winds is less 
thar, ?ne percent f o r  an August through January launch window. 

Thus, the  AS-205/ 
Distur- 

These dis- 

The 99 percent i le  emelopes 3f predicted wind 
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1.3 FLEXIBLE BODY FLIGHT SIMULATION FOR REAL AND SYWEETIC WINDS 

. The response parameter envelopes presented are based on syn the t i c  
wind p r o f i l e s  designed t o  be more severe than  a n t i c i p a t e d  winds i n  
the  month of October so t h a t  peak response values a s soc ia t ed  with AS-205 
flight through winds i n  that month should be below these envelopes. 
Response f o r  f l i g h t s  through representat ive "October type" real winds 
are presented t o  complement the information furnished by the  response 
paramter envelopes in t h e  sense t h a t  t h e  response values depicted aIre 
more representat ive of an t i c ipa t ed  values, The r e s u l t s  which include 
e f f e c t s  of bending, s loshing and control  f i l t e r s  c l e a r b  show that winds 
should present no problem for t he  AS-205 f l i g h t  unless t he  winds are 
unusually high for t he  month of October. 



. _  - _  

1.4 
' 

associated with the- occurrence of a single H-1 engine failure during 
AS-205&34-1O.l Saturn I B  f i r s t  s tage boost f l i g h t  with the AS-204 
Saturn IB engine out  s teer ing.  compensation u t i l i zed .  The controlla- 
b i l i t y  and s t r u c t u r a l  loads estimates are based upon worst case 
design wind p ro f i l e s  superimposed upon worst case engine f a i lu re s .  
Neither system nor environmental tolerances are considered i n  con- 
junct ion with engine failures, Therefore, the AS-204 Saturn I B  engine 
out s t ee r ing  compensation i s  ve r i f i ed  t o  be acceptable f o r  the AS-205/ 
CSM-101 mission. 

mere are no s t r u c t u r a l  i n t e g r i t y  o r  con t ro l l ab i l i t y  problems 

-5- 



1.5 S-IB/S-IVB STAGE SEPARATION RELATIVE MOTION 

'There a re  no S-IB/S-IVB stage separat ion r e l a t i v e  motion problems. 
Po ten t i a l  problem considered are la teral  r e l a t ive  motion of t h e  5-2 
b e l l  with respect  t o  the S-IB in te rs tage  w a l l  during physical  separat ion,  
and S-IVB post  separat ion con t ro l l ab i l i t y .  I n  the  event of a s ing le  
r e t r o  rocket  failure, the  probabi l i ty  of the 5-2 b e l l  c lear ing  t h e  S-IB 
in te rs tage  wall is estimated t o  be 99.82% provided an estimated 1025 kgm. 
of the r e s idua l  S-IB propel lants  are unseated during r e t r o  act ion.  The 
probabi l i ty  of t he  5-2 b e l l  c lear ing  the  S-IB in te rs tage  wall is esti- 
mated t o  be 98.229 provided no r e s idua l  S-IB propel lants  are unseated 
during r e t r o  act ion.  



1.6 AUXILIARY PRDPUISION SYSTEM ORBITAL PROPELLANT REQUIREH3NTS 

An analys is  of t he  APS o r b i t a l  propel lant  requirements reveals  
t h a t  t he re  a r e  s u f f i c i e n t  APS propellant reserves t o  maintain con- 
t r o l l a b i l i t y  of t he  s-IVB atage t h o u &  S-IVB/CSM separation. The 
estimated nominal and 3 IT propel lant  consumption a t  t he  time of S-IvB/ 
CSM separa t ion  a re  25.9 lbs .  and 36.3 lbs . ,  respectively.  The estimated 
nominal and 3 Q propel lant  consumptions a t  t he  termination of guaranteed 
IU l i f e t ime  a r e  59.0 lbs. and 82.6 lb s . ,  respect ively.  The nominal and 
3a 
6.8 hours, respect ively.  

tims of propel lant  depletion a re  estimated t o  be 9.5 hours and 
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2.1 LIFTOFF MOTION 

2.1.1 Objective 

The d r i f t  envelope and a c t i v e  malfunction mode s tud ie s  
are conducted i n  order  t o  e s t a b l i s h  c r i t e r i a  f o r  safe l i f t o f f  condi- 
t i o n s  as determined by Cape Kennedy Launch F a c i l i t y  34 umbilical  tower 
proximity t o  the  AS-205/CSM-101 launch vehicle during l i f t o f f  motion. 
A ground wind r e s t r i c t i o n  is establ ished f o r  condi t ional  probabi l i ty  
l e v e l s  ranging from zero sigma t o  th ree  sigma. 
t i o n  is  a l s o  e s t ab l i shed  f o r  a 3a conditional p robab i l i t y  l e v e l  of 
tower clearance i n  conjmction with the  measured con t ro l  def lect ion 
e r r o r .  
the occurrence of s e l ec t ed  act ive malfunction modes can r e s u l t  i n  a 
AS-205/CSM-l01 launch vehicle c o l l i s i o n  with a launch pad obstruct ion 
when subjected t o  concurrent 95 percent i le  design surface winds. 

A ground wind r e s t r i c -  

Also determined are the launch time in t e rva l s  during which 

2.1.2 Discussion 

The primary concern during the l i f t o f f  motion of the AS-205/ 
CSM-101 -rehicle is the clearance of the Cape Kennee  Launch F a c i l i t y  
34 umbilical tower as shown i n  p r o f i l e  on Figure 1. 
A r m  Platform, the  Tower Top, the top  of the Lightning Mast, and the 
close ground support equipment a re  the points i n  c loses t  proximity t o  
the AS-205/CSM-101 Launch Vehicle, 
Tables 1 and 3 and are determined from the dimensions obtained from 
References 2,  3 ,  4, 5, 6, arid 7. 

A t  the  holddown arm release, the AS-205/CSM-101 vehicle 
o r i en ta t ion  on LC-34 is shown on F i v e  2 (See Reference 8 ) .  
vehicle is s i t u a t e d  on the launch pedestal  with the vehicle pi tch plane 
oriented i n  the 100 degree azimuth plane and the i n e r t i a l  platfom. 
p i t ch  plane or iented i n  the 72 degree azimuth plane. 
events a f t e r  holddown arm release e n t a i l s  a v e r t i c a l  rise f o r  10 seconds 
and subsequent simultaneous i n i t i a t i o n  of the pi tch and r o l l  maneuvers 
as defined i n  Reference 1. Inasmuch as these maneuvers are a f ac to r  
i n  determining vehicle clearance with the umbilical tower during launch, 
the clearance of each vehicle f i n  adjacent t o  an umbilical  tower ob- 
s t r u c t i o n  is considered f o r  the ac t ive  malfunction modes. 

The Apollo Access 

These proximities are tabulated i n  

The 

The sequence of 

A l l  trs j e c t o r i e s  calculated f o r  t h i s  study are  generated 
with a d i g i t a l  f l i g h t  mechanics computer routine which simulates r i g i d  
bod;. vehicle motion i n  three dimensional space with six degrees of free- 
dom. The simulation included var iable  mass cha rac t e r i s t i c s ,  angle of 
a t t ack  dependent aerod.ynamics, multiple t h rus t  v e c t w s  -rariable i n  both 
magnitude and d i r ec t ion ,  and an ideal ized control  s:rstem which has prqven 
adequate f o r  ca l cu la t ing  tower clearance i n  previous analyses. Included, 
however, are hardware control  s i g n a l  limits and control  gimbal de f l ec t ion  
limits which are significant, during ac t ive  malfunction modes. 
puter  input data which define launch vehicle physical  cha rac t e r i s t i c s  
and t h e  data which describes the  tilt maneuver and sequence of events 
conform t o  Reference 1. 

The com- 

For t h e  l i f t o f f  motion s tud ie s ,  angle 
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of a t t a c k  dependent l i f t o f f  aeroavnamics of Xeference 9 are sub- 
s t i t u t e d  f o r  those of Reference 1. 

Synthet ic  surface wind p r o f i l e s  (See Figure 3) are e n -  
erated from t h e  power l aw:  

P 

where: 
a t  t h e  reference a l t i t u d e  Z1; 
determined by the  wind speed value a t  t h e  reference a l t i t u d e  Z1. 
value of the wind speed ir ,  t h e  azimuth of t h e  umbilical  tower d i rec t ion  
is obtained from the  wind rose of Reference 10. 
nent which is a funct ion of Vi is  a l s o  obtained frDm fieference 10. 
The superimposed surface wind gust is a gaw-tooth f m c t i o n  which peaks 
a t  a wind speed value ~f 1.4 times the  correspondicg surface wind 
speed -Jalue as i l l u s t r a t e d  i n  Figure 3 .  The gust  is i n i t i a t e d  a t  
holddown arm release, ramps up t o  the  peak value a t  2 seconds af ter  
holddown arm release, and ramps back down t o  t h e  surface wind p ro f i l e  
a t  4 seconds after holddown arm release.  
ance cons is t ing  of a 10% increase i n  normal force coef f ic ien t  and a 
simultaneous .35 ca l ibe r  forward CP s h i f t  is used t o  simulate d i s t r i -  
buted aerodynamics. 

V is t h e  wind speed a t  any a l t i t u d e  2; V 1  is the  wind speed 
and P is  t h e  power l a w  exponent as 

The 

The power l a w  expo- 

A composite aerodynamic to le r -  

I n  order t o  determine the  vehicle  launeh surface wind re- 
s t r i c t i o n ,  the p a r t i a l  deri-zatives of ve?iicle d r i f t ,  with respect  t o  
each tolerance and wirid magzitude, a r e  obtained a t  the l eve l s  of c loses t  
proximit-: t o  each x n k , i l i  c a l  tower obstruct ion.  The d r i f t  contr ibut ion 
due t 3  a tolerance o r  wind is then generated by m l t i p l y i n g  the  appro- 
p r i a t e  p a r t i a l  by i t s  c3rrespor.ding psrameter magnitude. The d r i f t  
contr ibut ions are ther. root-s?msquared t q  y i e l d  a composite d r i f t .  
C o q x t a t i o n  of  the  c o q o s i t e  d r i f t  a s  a function of azimuth y i e lds  
the desired envelope f o r  each l e v e l  of c loses t  vehicle proximit;r t o  
the respect ive m b i l i c a l  tower obstruct ion.  
envelopes are develnped f o r  No;.erher steaa: s t a t e  surface winds and 
those tolerances which a r e  the  prirrarjr d r i f t  contriSutors (See Reference 
11). 
l?), a .2aL degree composite H-1 t h r u s t  misalignment (See Reference U), 
and a .C. 1 degree composite cor.tro1 def lec t ion  e r r o r  (See Table 3 ) .  
Comparison of the  d r i f t  envelopes fc r  each -rehicle f i n  with the re- 
spect ive * m b i l i c a l  tower o b s t r x t i o n  perimeters w i l l  furnish the  re- 
su1tar.t clearance distar.ce f o r  each obs tmc t ioc .  The 3 t s t r x t i o n  
having the  least  perceritape o f  i r . i t l a l b  :i-;ailakle clearance dis tance 
is then  t>e obstruct ion f o r  which the wir.d r e s t r i c t i o n  i s  determined. 
The wind is  found which res-ilts i n  reducicg the  obstruct ion clearance 
to zer3  wner. the  d r i f t  contr ibut i r r .  dAe t o  the  wind is added t o  the  
root-sun-squared Artft cor i t r ibc t im &:e t 3  a zera  t o  three  s i p  range 
af  primar:.. d r i f t  c3c t r ibu t - r s .  
a range of zero t o  th ree  sigma cor.dit iors1 p r o b a t i l i t y  of unb i l i ca l  

The AS-205/CSM-101 d r i f t  

These to le rarxes  include: a 2 inch l a t e r a l  CC; o f f s e t  (See Reference 

A win:! magnitude limit cqrresponding t o  
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tower clearance during l i f t o f f  motion is thus generated as a function 
of wind azimuth. 

The AS-205/CSM-lOl launch vehicle is surface wind speed 
l imited with respect t o  launch pad obstruct ion in conjunction with 
con t ro l  deflectior,  e r r o r  levels. 
determining the  surface wind speed f o r  which t h e  worst case obstruct ion 
clearance dis tance is reduced t o  zero. 
adding the d r i f t  contributions of surface wind, a superimposed surface 
wind gust ,  d i s t r i b u t e d  aerodynamics, and control  de f l ec t ion  e r r o r  t o  
the  root-sum-squared d r i f t  contributions of the 3 0  values of t he  re- 
maining primary d r i f t  contributors.  
limit f o r  a 3 4  
as a funct ion of wind azimuth. 

These limits are establ ished by 

The limit is determined by 

The r e s u l t i n g  surface wind speed 
condi t ional  probabi1it:r of tower clearance is specif ied 

I n  order t o  determine the time in t e rva l s  dwing  which an 
ac t ive  malfurxtion mode results i n  a n  umbilical  tower c o l l i s i o n ,  the 
appropriate malfmctions are simulated f o r  a spect'rcm of f l i g h t  t i n e s  
of occurrence. Active malfunction mode umbilical  tower c o l l i s i o n  is 
analyzed f o r  the Apollo Access A r m  Platform. A l l  ac t ive malfunctions 
a r e  assun?ed t o  m c u r  i n  the presence of 95 percent design surface winds. 
The e f f e c t s  of surface winds on the a c t i v e  malfunction mode of single  
engine t h r u s t  f a i l u r e  ( s ign i f i can t  change i n  t h r u s t  t o  weight r a t i o )  
are determined by including the  surface winds i n  the engine f a i l u r e  
f l i g h t  simulation. However, f o r  malfunctions which do not s i g n i f i c a n t l y  
change the t h r u s t  t o  weight r a t i o , t h e  e f f e c t s  o f  surface winds can be 
determined from the Apollo Access A r m  Platform vehicle d r i f t  versus 
wind speed curve shown i n  Figure 4 (no addi t ional  f l i g h t  simulation of 
winds is necessary). 
l i f t o f f  analysis  and i s ,  therefore ,  based on a nominal t h r u s t  to  weight 
r a t i o .  The actPre malfunctions considered, which do not s i g n i f i c a n t l y  
change t h e  t h r u s t  t o  weight r a t i o ,  are s ing le  control  actuator  hard- 
over and loss of hydraulic power. The time i n t e r v a l  during which an 
ac t ive  malfunction mode, with a concurrent 95 percent design surface 
wind, r e s u l t s  i n  3 m b i l i c a l  tower c o l l i s i o n  i s  then determined bv in te r -  
po1atir.g f o r  zero tower clearance from a graph of clearance distance 
versus t h e  time of malfunction. 

This curve was generated i n  the no malfunction 

2.1.3 Iiesults 

The parameterization of d r i f t  due t o  a tolerance or wind 
magnitude shows t h a t  the d r i f t  versus tolerance magnitudes are l i n e a r  
and t h a t  the d r i f t  versus wind magnitude is non-linear. 
versus wind magnitude a t  the  c r i t i c a l  obstruction l e v e l s  of the  umbilical 
tower are depicted i n  Figure 4. 
the  root-sumsquared dr i f t  envelopes is presented i n  Tables 1 and 2. The 
mininum percent of i n i t i a l  clearance is found t o  be a t  the Apollo 
Access A r m  Platform. The wind speed limits which w i l l  insure a zero 
sigma t o  th ree  sigma range of condi t ional  probabi l i ty  of tower clear- 
ance is shown i n  F i g u r e  5 .  The worst 

The d r i f t  

The clearance distance r e su l t i ng  from 

insure a 3 0  conditional probabi l i ty  
a wind azimuth of approximatelv 1960. 

case-wind speed l i m i t  which w i l l  
of tower clearance occurs f o r  
The minimum allowable wind speed 



for t h a t  a z k t h  i s  10.1 meters per second (steady state, i.e., 14.1 
meters per second peak wind speed) a t  the 60 f t .  reference level. 
The m i m u m  a l l o - a b l e  steady-state wind speed f o r  t h a t  azimuth with 
the  T.V. cameras renoved from t h e  Apollo Access Ann Platform is 10.6 
meters per  second (i.e., 14.8 meters per second peak wind speed) a t  
the 60 ft. reference level. 
measured con t ro l  de f l ec t ion  e r r o r s  are shown i n  Figwe 6 f o r  a 3cr 
conditional p r o c a b i l i t r  of tower clearance with the T.V. cameras re- 
move d. 

The wind speed limit i n  conjumtion with 

Engines ?!o. 1, 5, ar.d 6 cons t i t u t e  a po ten t i a l  t h r u s t  loss c o l l i -  
s i o n  hazard as deterzined from previous analyses (See Reference 11). 
The launch time i n t e r v a l  during which the occurrence of engine t h r u s t  
losses  can restllt i z  c o l l i s i o n  with the Apal10 Access Ann Platform 
when the  vehicle ,is subjected t o  concurrent 95 percent design surface 
winds i s  depicted ir. ? ip re  7. The AS-205/CSM-101 is wind l imited 
for engine t h m s t  Lass occurrences as showz i n  F i v e  8. 
quired f o r  the AS-i3j/CSM-lOl launch vehicle t o  c l e a r  the LC 34 ob- 
s t ruc t ions  is shzim. iri Figure 9 as a function of time of t h r u s t  loss  
occurrence. 

The time re- 

Y a x  c3r.trol s ing le  actuator  hardziver cons t i t u t e s  t he  worst 
s ingle  actuatol- ?.ardo-rer co l l i s ior .  hazard as determined from previous 
analyses (See Eeference 11). 
actuator  hardo-rer data is presented herein. The launch time i r i terval  
during which t!-,e occurrence of s ing le  :,raw ac tua to r  hnrdovers can re- 
s u l t  i n  c o l l i s i x  irlth t he  Apollo Access Am Platform when the  vehicle 
is subjected t? concwrent 95 percent desigr. surface winds is depicted 
i n  Figure 10. 
hardovers as showr, ir.  Fiaure U.. 

Consequently, only yaw control  s ing le  

The AS-205/CSM-101 is wind l imited f o r  s ing le  :raw actuator- 
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2.2 R I G I D  BODY BOOST FLIGHT WIND LIMITS 

2.2.*1 Objective 

The objec t ive  of t he  boost f l i g h t  wind limits analysis 
is twofold. 
s tage  boost f l i g h t  are es tab l i shed  f o r  t h e  non wind biased AS-205/ 
CSM-101 launch vehicle  operat ional  t r a j e c t o r y  spec i f i ed  i n  Reference SS. 
I n  additior., wind speed limits are determined f o r  both t h e  non wind 
biased and wind biased AS-205/CSM-l01 launch vehicle  operat ional  tra- 
j e c t o r i e s  spec i f ied  i n  Reference 33 .  The wind speed limits a re  defined 
as those at which r e s t r i c t i o n s  must be placed upon t h e  launch t o  
assure a successful  f l i g h t  from a vehicle  c o n t r o l l a b i l i t y  and s t r u c t u r a l  
i n t e g r i t a  point  of view. Pa r t i cu la r  emphasis is placed upon the  vehicle 
f l i g h t  segment character ized by possible  high wind speeds and concurrent 
high 4fnami.c pressure.  
sured winds, it is recommended t h a t  a con t ro l l ab i l i t y  and s t r u c t u r a l  
loads trajector:r anakfsis  be conducted .prior t o  launch. A f i n a l  ob- 
j ec t ive  of the boost f l i g h t  wind limits analysis is t o  provide an  es- 
timate of launch probabi l i ty  by comparing the  computed wind limits 
with the  probable wind speeds during the  scheduled vehicle  launch. 

Envelopes of  r i g i d  body dynamic responses during f i r s t  

If a wind l i m i t  is exceeded by prelaunch mea- 

2.2.2 Discussion 

k l l  ca lcu la ted  t r a j ec top ie s  f o r  t h i s  study are generated 
using R d i g i t a l  f l i g h t  mechanics computer rout ine which simulates r i g i d  
bod-r vehicle  motion i n  three  dimensional space with six degrees of 
freedom. Those fea tures  included i n  t h e  mathematical model, which a re  
of pa r t i cu la r  importance t o  r i g i d  body boost f l i g h t  wind determination, 
are simulation of t he  aerodynamic forces  and moments, and t h e  simula- 
t i o n  o f  the  vehicle a t t i t u d e  control  system of the  S-IB stage.  
of the s tud r  Which a r e  paramount, however, are the methods used for  
computing vehicle s t r u c t u r a l  loads ind ica tors  and the  assumptions con- 
cerning the  superposi t ion of wind shear  and gust  disturbances upon 
normal boost f l i g h t .  ?he anaxysis described here in  is based upon the  
predicted f l i g h t  of the  AS-205/CSM-101 first  s tage a s  provided i n  He- 
ference ?.'. The sequence of events per t inent  t o  the  predicted t r a j e c t n v  
is presented i n  Table 4. The nominal f l i g h t  vehicle  parameter direct1;s 
r e l a t ed  t o  the  launch vehicle  dynamic response cha rac t e r i s t i c s  is showr, 
i n  Figure 1;. 
angle of at tack, of  angular  acce lera t ion  due t o  aerodynamic moment. 
The parameter C2 is the  der ivat ive,  with respect  t o  cont ro l  engine gimbal 
def lec t ion ,  of angular  acce lera t ion  due t o  cont ro l  moment. 
r a t i o  reaches a l o c a l  peak i n s t a b i l i t y  of .2? a t  approximatel;r 50 secorlds, 
a l o c a l  peak i r . s tab i l i tv  of . '' a t  approximately 6T, secnnds, and a 10c:tl 
peak i n s t a b i l i t y  of 0."" a t  approximatek7 8!. seconds. 
s en t s  t he  nominal f l i g h t  dynamic pressure and pi tch angle of att::ck. 

The aerodynamic center  of pressure locat ion,  and the normal 
and axial force coe f f i c i en t s  are computed as bivar ia te  f m c t i o n s  o f  
both angle o f  attack and Mach n 9 d e r .  
with respect  t o  angle of a t t ack  of these aero&rm.ic parameters is fie- 
s i r a b l e  for  wind l i m i L  t r a j ec toc r  s tud ie s  beca-Jse the  acgle  of :ittack 

Features 

The parameter C1 is the  der ivat ive,  with respect  t o  

The -Cl /C2 

Fig-ire 13 pre- 

Consideratior. of t h e  nonlinearit;; 



can become excessivekv large during the  f l i g h t  time i n  which the  
vehicle  is subjected t o  a wind shear  afid gust distLnbance. 
aerodynamic data used i n  t h i s  study are applicable t o  the  AS-205/CsM-l01 
vehicle  and are extracted from References U zc5 15. 

The vehicle 

The a t t i t u d e  of t h e  Saturn I E  Launch Vehicle, S-IB stage, 
is maintained by a con t ro l  system which u t i l i z e s :  computed values 
f o r  a t t i t u d e  e r r o r  ( i . e . ,  deviations from commanded Euler angle values) 
i n  t h e  p i t ch ,  yaw, and r o l l  ordered ro t a t ions ;  t h e  pitch,  yaw, and 
roll boay angular rates; and t h e  accelerat ions r i o m l  t o  the  vehicle 
p i t ch  and yaw planes. 
the LVDC. 
mounted rate wro packages and accelerometers, respectively.  
sensed s igna l s  a r e  multiplied by t h e i r  respective gains, modified by 
e l e c t r i c a l  shaping networks ( f i l t e r s )  , and combined t o  provide comnanded 
values f o r  pi tch,  :raw, and r o l l  s igna l s  t h a t  i n  tu rn  become mixed f o r  
p i t ch  and yaw ac tua to r  comr..ar,cts t o  each of the four gimballed control 
engines. The log ic ,  equations, and numerical data which are used i n  
t h i s  study t o  simulate the ove ra l l  control  system are representative,  
within the l imi t a t ions  of d i g i t a l  simulation, of the a c t u a l  control  
system aboard the AS-205/CS:4-11)1 Launch Vehicle. F i l t e r  networks, in- 
ternal limits, and engine actuator  dynamics, with the  exception of the 
engine ac tua to r  r a t e  limits, are included i n  the  mathematical model. 
The t im  h i s t o r i e s  of the control s!rstem gains (ao,  al, g2) used are 
shown i n  F igu re  1L. The numerical values f o r  each of t he  individual  
component t r a n s f e r  functions are extracted from Reference 16 and 17. 

The a t t i t u d e  e r r o r  s i g n a l s  are obtained from 

These 
The r a t e  and accelerat ion s ignals  are obtained from the  body 

The s t r u c t u r a l  l i m i t s  c r i t e r i a  used are those presented i n  
Reference L:! . 
limits i n  terms of control  engine gimbal de f l ec t ion  and angle of a t t ack  
for  a spec i f i ed  Mach number, d~namic pressure,  and time of f l i g h t .  
Given t h a t  f o r  a specif ied tkch number the ernamic pressure is the s a m  
f o r  a l l  wind l i m i t  t r a j e c t o r i e s .  angle of a t t ack  can be multiplied by 
the specif ied dynamic pressure and t h i s  product cross-plotted against  
Mach number and control  ecgine gimbal def lect ion as i l l u s t r a t e d  in 
F i m e  15 .  
s t r u c t u r a l  i n t e g r i t y  l imi t ing  parameter and is designated as the 
linit. The t r a j e c t o r y  f l i g h t  mechanics computer roxtine simulation cal- 
culates  the p i t ch  and ::aw qa l i m i t s  as a b iva r i a t e  table veraus Mach 
number and p i t ch  and ::aw control engine gimbal def lect ion,  respectiveXv. 
The c r i t i c a l  qa r a t i o s  f o r  the pi tch and yaw planes are computed by 
dividing the p i t ch  and :;aw t r a j e c t o r r  simulated qa products by the 
limits. 

These l int i t inp c r i t e r i a  indicate  s t r u c t u r a l  i n t e g r i t y  

This product of angle of a t t ack  and dpamic  pressure is the 

Synthetic wind F ro f i l e s  are used t o  e s t a b l i s h  the boost 
flight wind limits. 
steaqv-state wirxl en*:eiDpe, a wicd shear buildQp, and a superimposed 
gust. 
Wind Speed P ro f i l e  Ecvelopes (Quasi-Steady-State) for  Eastern Test Range" 
found in Reference 10. 
velopes are used i n  t h i s  anal;;rsis i n  the 5 t o  15 k i l m e t e r  a l t i t u d e  

These synthet ic  wind p r o f i l e s  are comprised of a 

Steady-state wind emelopes are members of the f a m i u ,  ''Scalar 

The 75% S S ,  and 95% QSS steady-etate wind en- 



region. Wind shears  are defined by a linear wind speed buildup from 
zero speed 'a t  t h e  surface of t h e  e a r t h  t o  a point  of tangency on a 95, 
percent i le  shear  buildup envelope. 
followed t o  t h 3  in t e r sec t ion  with t h e  steady-state envelope. The 5,s) 
percent i le  shear  envelopes f o r  reference w i n d  speeds ( the  reference 
wind speed is t h e  value on the  steady-state envelope a t  the  a l t i t u d e  
of in te rsec t ion)  are a l s o  provided i n  Reference 10. The superimposed 
gust is a n  ex tens ioc  of t h e  shear  buildup envelope t o  a peak value of 
9 mters per second (99 percent i le  gust  magnitude) above t h e  s t e a d p s t a t e  
w i n d  speed. This peak value o f  t h e  gust  is held constant f o r  a sho r t  
interval of a l t i t c d e  and then  the  wind speed returns, i n  a l i n e a r  
fashion, t o  the  steady-state value. 

Tkie shear  buildup envelope is 

I n  order  t o  e s t a b l i s h  the  r i g i d  body boost f l i g h t  wind 
limits, the  vehicle  is subjected t o  a s p e c t r m  o f  synthe t ic  headwind, 
ta i lwinc  ar.d crosswind p r o f i l e s  as defined ir. t he  precedirq paragraph. 
Gust a l t i t u d e s  are rppl ied  a t  one kilometer i n t e rva l s  between 5 and 
1 5  kilometers.  F c r  each wicd d i r ec t ion  acd f o r  each gust a l t i t u d e  i n  
the  f l i g h t  r e g i x  of i n t e r e s t ,  vehicle  f l i g h t  is simulated fJr four 
differer t  wirid cocditions.  R o s e  conditions are: 1) QSS design wind 
p ro f i l e  O R k i ,  2) 9% shear  t o  QSS design wind p r o f i l e ,  3)  99$ shear  t o  
QSS desien wind p r o f i l e  with a superimposed 9% gust,  and 4) ?9$ shear  
t o  QSS design wind p r o f i l e  and a superimposed 99% gust with concurrent 
center  of pressure tolerance of .3 ca l ibers .  Trajectory and vehicle  
dynamic response data  which corresponds t o  75% 2% and 95% QSS wind 
speed p ro f i l e s  are generated. The monitcred t r a j ec to ry  and vehicle  
@fnamic response variables are control  engine gimbxl def lec t ion ,  angle 
of  a t t ack  arid c r i t i c a l  q a  r a t i o .  The time h i s t o r i e s  of cont ro l  system 
sensor parameters are examined t o  determine i f  they have exceeded 
t h e i r  limits. The t r a j e c t o r i e s  t h a t  do not exceed these l i m i t s  a r e  
used t o  determine the  wind limits. The incremental var ia t ions  i n  c r i -  
t i c a l  qa 
and added t o  t h e  c r i t i c a l  qa r a t i o  due t o  t h e  QSS design wind only. 
%lis composite c r i t i c a l  qa r a t i o  time h i s t o r y  peak value f o r  t he  75% 
QSS and 05% 2SS winds having the  same d i rec t ion  and gust a l t i t u d e  are 
p lo t ted  aga ins t  t he  correspmding steady-state wind magnitudes. 
stead:.r-state wind rnamitudes a t  which t h e  c r i t i c a l  q a  r a t i o  equals 
one is the  wind linit f o r  t h a t  di-ect ion and a l t i t u d e .  

r a t i o  f o r  successive simulated conditions are root-sum-squared 

The 

I n  wier  t o  e s t a b l i s h  the  f i r s t  stage boost f l i g h t  r i g i d  

Only t he  ?5$ QSS wind 

The envelopes are obtained by adding t o  the  95$ QSS wind 

boQr &manic response envelopes, the  vehicle is a h 3  subjected t o  a 
nondirectional 1.75 degree t h r u s t  misalignment (pe r  s ing le  eneine) and 
a nondirect ional  .Or meter la te ra l  CG o f f se t .  
p ro f i l e s  are - x e d  t o  eenerate the  envelopes of r i g i d  body dynamic 
resporaes. 
response the  roo t  surg square of the  i n c r e m n t a l  responses due t o  shears ,  
gus ts ,  ar.d tolerances.  

7.2.3 :?esults 

The wind limit r e s u l t s  f w  the  non-wind biased AS-205/C34-101 
t r a j e c t o r j  are displayed i n  F i g w e s  16 through ?O. Displayed i n  Figdre 
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16 are sample t i m e  h i s t o r i e s  of c r i t i ca l  q a  r a t i o s  f o r  t h e  four si- 
mulated wind conditions corresponding t o  the  ?5% QSS ta i lwinds a t  ll 
kilometers. These time h i s t o r i e s  correspond 50 t h e  worst case alti- 
tude and wind d i r ec t ion .  The composite c r i t i c a l  qa r a t i o  f o r  tail- 
winds a t  11 kilometers is shown i n  Figure 17. The ta i lwind lmt a t  
11 kilometers i s  92 meters per second. 
can be flown through tailwinds equalling the  design wind speed. 

It can be seen t h a t  the vehicle  

Figures 18 and 19 depict  t h e  wind l i m i t  versus a l t i t u d e  
determinatior. f o r  each wind d i r ec t ion .  The inner curves on the  wind 
l i m i t  f i p r e s  obtained h r n  Reference 1'3 depict  the 99 pe rcen t i l e  en- 
velopes of predicted winds fo r  t h e  months of September, October, and 
November. The wicd limit as a function of azimuth is shown i n  Figure 
20 for tLie worst gust a l t i t u d e .  Frau Figure 20, it is apparent t h a t  
the 94 pe rcen t i l e  envelopes of wind speeds f o r  the months of September, 
October and November do not exceed the  wind l i m i t  fo r  aqv wind d i r ec t ion .  
The incremental v a r i a t i o r s  i n  angle of a t t a c k  and control  gimbal de- 
f lec t ior .  f o r  the four sirrulated wind conditions are sumnarized i n  Table 
5. 

' 

The wind limit r e s u l t s  for the  wind biased AS-205/CSM-101 
t r a j e c t c r y  a r e  displa:-ed i n  Figures 21 through 23. Figures 21  and 22 
depict  the wind l i m i t  -,-ersus a l t i t u d e  determination f o r  each wind 
direct ion.  The inner c-x-res on the wind limit f igures  obtained from 
Reference 19 depict  t h e  QQ percen t i l e  envelopes of predicted winds for 
the nmtks  of November, Pecember, and January. 
function .sf azimuth is shown ir.  F i g w e  23 for t he  worst gust  a l t i t u d e .  
Frox  FipJre 23, it is apparent t h a t  the 99 percent i le  envelopes of 
wind speeds for the mor,t!?s of Not-ember, December, and January do not 
exceed %fie wind limits f o r  ary wind direct ion.  The incremental varia- 
t i x s  ir. angle of a t t ack  an2 c o n t r d  gimbal def lect ion f o r  t he  four 
simulated wind zor,ditions aye sunnnarized i n  Table 6. 

The wind l i m i t  as a 

The ~ T R ~ ' - . s  of the  envelopes of r i g i d  body dynamic responses 
during S-IB stage boost f l i g h t  f o r  t h e  AS-205/CSM-101 non wind biased 
t r a , j e c t q ;  are shown i n  Figures 21r through 27. 
body dynamic response envelopes shown i n  Figure 25 are expanded t o  account 
f o r  var ia t ions observed i n  p o s t f l i g h t  data of previous Saturn I B  f l i g h t s .  

The a t t i t u d e  rate r i g i d  
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2.3 FLEXIBLE; BODY FLIGHT SIMULATION FOR REAL AND SYNTHEL'IC WINDS 

2.3.1 Objective 

This study was made t o  determine realistic envelopes for 
wind response parameters associated with AS-205 launch vehicle  f l i g h t  i n  
t h e  month of October. 

2.3.2 Discussion 

Flexible  body response and loads for t h e  AS-205 vehicle f2ight  

The e f f e c t s  of f l e x i b l e  body bending 

The two  sloshing modes simulate 

Courling between pi tch,  

through real and synthet ic  winds have been obtained using a d i g i t a l  computer 
solut ion of t h e  equations of rcotion. 
and l i q u i d  propellant sloshing are included. 
and two sloshing modes a r e  used t o  descr ibe f l e x i b l e  body deformation ar.d 
liquid propellant sloshing, respectively.  
sloshing i n  t h e  S-IVB u3x and S-IVi3 hydrogen tanks. 
used considers six r i g i d  body degrees of freedom. 
yaw and r o l l  planes is ,  therefore ,  accurately accounted for. 
simulation of t he  a c t u a l  control  system including f i l t e r  transfer functions,  
t i m e  varying gains, and an actuator  transfer function t o  account f o r  engine 
compliance i s  used. 

Seven bending and c l u s t e r  modes 

The mathematical node1 

A complete 

Trajectory da t a  was taken from t h e  AS-205 reference t r a j e c t o r y  
i n  Reference 1. 

Synthetic Wind Response 

AE-205 vehicle  f l i g h t s  through a spectrum o f  synthet ic  wind 
p r o f i l e s  based on 95% wind speed envelopes for range and crossrange compo- 
nents i n  the  7 2 O  f l i g h t  plane at  Cape Kennedy for  the month of October a r e  
simulated t o  detemiine extremum values f o r  per t inent  wind response Farameters. 
A spectrum of f i v e  FitCh plane (range) and f i v e  yaw plane (crossrange) 
synthet ic  wind p r o f i l e s  peaking a t  6, 8 ,  10, 12  and 14 kilometers i s  considered. 
The synthet ic  Wind p r o f i l e s  used are defined below: 

1 )  The wind increases  l i n e a r l y  from zero wind speed a t  the ground 
and merges tangent ia l ly  i n t o  a wind buildup envelope which 
corresponds t o  a 99 percen t i l e  w i n d  shear buildup envelope re- 
duced by 1 5  percent. 

2 )  Beginning a t  the  point of tangency the  wind follows t h e  rdnd 
buildup envelope t o  t h e  95 percen t i l e  wind speed envelope 
associated with t h e  month of October and 72O f l i g h t  plane a t  
Cape Kennedy. 
used as approximate wind d a t a  for the  72O f l i g h t  plane. 

A 7.65 meter per second gus t  is superimposed by extending the 
wind buildup envelope 7.65 meters above t h e  point where t h e  
buildup envelope jo ins  t h e  wind sFeed envelope. 
is  held constant for a gat meter alt i tude interval and r e tu rns  
t o  t h e  value associated with the point where the  buildup envelope 
j o i n s  t h e  wird speed envelope. This  constant value is maintained 
from t h i s  point on. 

Data ava i l ab le  f o r  t he  7 5 O  f l i g h t  plane was 

3) 

The gust value 
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Real Wind Response 

I n  addi t ion t o  t h e  synthet ic  winds, discussed above, a measured 
real wind was selected such t h a t  t h e  peak wind speed values for t h e  ranp 
components of the wind occurred between the  2cT and 3 6  range wind speed 
envelopes and t h e  peak values for t he  crossrange components occurred be- 
tween 2cT and 3 6  crossrange wind speed envelopes for October. AS-205 
vehicle f l i g h t  through t h i s  real Kind i s  simulated and time h i s t o r i e s  of 
associated response parameters are presented as l8representativett response 
for AS-205 f l i g h t s  through "October type" real winds. 

2.3.3 Results 

The results of t h i s  study are presented as time h i s t o r i e s  and 
envelopes of per t inent  i n f l i g h t  response parameters. 
31 are envelopes of response parameters associated with the  synthet ic  wlnd 
pro f i l e s .  
indicated on each Flot.  
wind case are presented i n  Figures 32 through 39. 

Figures 28 t h r o w  

Peak response values for t h e  corresponding real wind ea80 is 
Time h i s t o r i e s  of response parameters for t h e  real 
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2.4 H-1 ENGINE OUT CONTROLLLABILITP 

2.4.1 Objective 

The Engine Out Con t ro l l ab i l i t y  Analysis is designed t o  
ver i f i j  the  acceptability7 of the AS-204 S a t a n  If3 engine out s t e e r i n g  
compensation f o r  a s ing le  engine failure (See Reference 20) during 
the  AS-205/CSM-101 Saturn I B  first s t age  boost f l i g h t .  The c r i t e r i a  
used f o r  v e r i f i c a t i o n  are f i r s t  stage boost f l i g h t  c o n t r o l l a b i l i t y  
and s t r u c t u r a l  i n t e g r i t y ,  as w e l l  as second s tage post separat ion con- 
t r o l l a b i l i t y .  

2.4.2 Discussion 

Deviations from the AS-205/CSM-101 mission t ra  j ec to iy  due 
t o  s ing le  er.gine f a i l l r e  d x i n g  f i r s t  s tage boost f l i g h t  r e s u l t  i n  
more se-iere env i romen ta l  conditions, primarilv large t r i m  angles of 
a t t ack .  Further,  con t ro l  engine f a i l u r e s  tend t o  r e s u l t  i n  g rea t e r  
extremes of er=Jironmental conditions than fixed engine f a i l u r e s  due 
t o  control  channel cross  coupling and reduced control  authority.  These 
factors  can lead t o  s t r u c t u r a l  and c o n t r o l l a b i l i t y  problems during S-IB 
boost f l i g h t  an:! controllabi1it:t problems during post s tage separat ion 
S-Ib73 f l i g h t  if no s t ee r ing  compensation f o r  engine f a i l u r e  is pro- 
vided. 

I n  a preliminal-s engine out study (Reference 20) f o r  the 
Saturn IB/Apollo configuration, it was found t h a t  the large aerodynamic 
moments and loads which accompary e a r l y  engine f a i l u r e  may be e f f e c t i v e l y  
reduced t o  w i t h i n  t o l e rab le  l i m i t s  by adopting a "chi-freezeI1 adjustment 
to  the time h i s to ry  of the p i t ch  a t t i t u d e  conunands. I n  the chi-freeze 
s t ee r ing  mode, upon engine f a i l u r e ,  the c o m n d e d  pi tch a t t i t u d e  value 
is frozen f o r  an  incremental duration and then the nominal ( a l b e i t ,  dis-  
placed i n  time) pi tch program is resumed u n t i l  S-IB outboard engine cut- 
o f f .  The duration of the chi-freeze is chosen t o  be a var iable  function 
Qf the time of enpine f a i l u r e .  The s a t i s f a c t o r y  value f o r  the freeze 
inter=.al is me approximstel,-.r equal t o  t h e  extended S-IB burning time 
(corresponding t o  outboard engine f a i l u r e )  which r e s u l t s  from seven 
engkes burning f o r  the remainder of f l i g h t .  
required f o r  l a t e  engine f a i l u r e ,  a t  a f l i g h t  time of 40 seconds the  
chi-freeze duratinn is  ramped down from the extended burning time value 
t o  zero a t  65 seconds; t h e r e a f t e r  chi-freeze s t e e r i n g  is not u t i l i z e d .  
A fur ther  modification t o  the  above described po1ic;r is r e l a t ed  t o  v e r j  
early f a i l u r e s .  Because extended periods of v e r t i c a l  o r  near-ver t ical  
f l i g h t  are objectionable near the launch complex, the chi-freeze mode 
is inhibi ted during the f i r s t  30 seconds of f l i g h t .  During inh ib i t ed  
chi-freeze, the pi tch a t t i t u d e  is not frozen u n t i l  30 seconds; t h e  dura- 
t i o n  of t h e  chi-freeze is, however, equivalent t o  the extended burn time 
f o r  the t i m e  of engine f a i l u r e  (See Figure 40). 

Because chi-freeze is not 

The nominal vehicle AS-205/CSM-101 t r a  j e c t o r j ,  sequence of 
events , vehicle weight breakdown, control  system, and b iva r i a t e  aerodynamic 
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c h a r a c t e r i s t i c s  used f o r  this engine out analysis are t h e  same as t h a t  
discussed in Sect ion 2.2.2. 
i s  des i r ab le  f o r  engine out t r a j e c t o r y  simulation because the angle 
of a t t a c k  can become excessively l a rge  following an engine failure, 
p a r t i c u l a r l y ,  with a superimposed wind shear and gust disturbance which 
i s  described i n  d e t a i l  in a subsequent paragraph. 

Consideration of b i v a r i a t e  aerodynamics 

The n m i r a l  vehicle propulsion and propel lant  consumption 
used i n  t h i s  ana lys i s  are those specif ied i n  Reference 1. 
assumptions are rade i n  order t o  r ead i ly  f a c i l i t a t e  simulation of t he  
propulsion (vacuum t h n s t )  and propellants consumption (mass loss)  char- 
a c t e r i s t i c s  subsequent t o  s ing le  H-1 engine failures during first s tage 
boost f l i g h t .  The f i r s t  assumption is that vacuum t h r u s t  levels on t h e  
individual H-1 engine are e s s e n t i a l l y  independent of t he  difference i n  
the vehicle acce le ra t ion  p r o f i l e s  between an e igh t  engine burn and a 
seven engine burn. The second a s s q t i o n . i s  t h a t  post engine out pro- 
pel lant  cons-mption is uniformly d i s t r ibu ted  between the respective f u e l  
and oxidizer  tank c lus t e r s  v i a  the respective propel lant  tank c l u s t e r  
manifolds, T3e t o t a l  se-;en engine propellant consunption rate is fu r the r  
assumed t o  be ? / e  of the nominal e ight  engine propellant consumption rate, 
and t h e  t o t a l  usable propellant is a l s o  assumed t o  be independent of t he  
number of engines c0nsumir.g the propellant.  

Two primary 

The following equations a re  used t o  predict  t h e  times of 
inboard engines cutoff s i g n a l  and outboard engines cutoff s i g n a l  subse- 
quezt to s i n g l e  inboard H-1 engine f a i l u r e s  and s ing le  outboard H-1 
ennine f a i l c r e s ,  respectively.  

where: 

= fli.ght time 3f o u t b a r d  engine cutoff s i g n a l  

tIEfi 

triFX, 

t p ~ ~ ~ j  = nominal f l i g h t  time s f  propellant s e n s w  le-re1 uncover 

= f l i g h t  time 3f sir.@ inboard engine f a i l u r e  

= f l i g h t  time of s ingle  outboard engine f a i l u r e  

These e q u a t i m s  are derivable b:: er.ploying the second assumption. 
sun of t h e  f i r s t  two terms i n  each eqiatior.  is the predicted f l i g h t  time 
o f  propellant sensor l e v e l  x c w e r  subsequent t o  a single engine f a i lu re .  
The sx, of the first three terms i n  each equation is the predicted t h  

The 
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of inboard engine cutoff  signal subsequent t o  a single engine failure. 
The first assumption culminates i n  mereky d i l a t i n g  t h e  time s c a l e  of 
t h e  nominal vacuum t h r u s t  time h i s t o r i e s  subsequent t o  t h e  s ing le  H-1 
engine failure time. The scale f ac to r s  fo r  t he  time d i l a t i o n  are appro- 
p r i a t e l y  se l ec t ed  i n  order  t o  dupl icate  t h e  nominal engine cutoff vacuum 
t h r u s t  values a t  t h e  predicted termination of extended burn time (tOECO) 
due t o  t h e  s i n g l e  H-1 engine f a i l u r e .  The second assumption culminates 
i n  mere27 d i l a t i c g  t h e  time scale of t he  nominal propel lant  consumption 
time his toqy subseqGent t o  t h e  s ing le  H-1 engine f a i l u r e  time. 
sca l e  f ac to r s  f o r  t h e  time d i l a t i o n  a re  appropriately se lec ted  i n  order  
t o  achieve t h e  main burn propel lant  consumption mass a t  both t h e  pre- 
d ic ted  propel lan t  sensor  le-re1 uncover and predicted outboard engine 
cutoff  s i g n a l  s i t sequent  t o  a s i n g l e  H-1 engine failure.  

2.2.2. The S-DIE s tage  boost f l i g h t  cont ro l  systen. u t i l i z e s  the  same 
type of sensed s igna l s  as the  S-IB s tage  except f o r  the  accelerometer 
s igna ls .  These s igna l s  are mnipula ted  the  same way as i n  the  S-IB s tage  
except t h e  commanded p i tch ,  yaw, and r o l l  s igna ls  are not mixed. Instead,  
the p i t c h  and yaw commanded s igna ls  are sen t  t o  the 5-2 ac tua tors  a s  t h e i r  
commanded def lec t ions ,  and the r o l l  s igna l  is sen t  t o  t h e  Auxiliary Pro- 
puls ion SyFtem. The Auxiliary Propulsion System was not simulated, con- 
sequentl-r, a moment balance about t he  s-IVB stage roll axis is assumed. 
The t i n e  h i s tq ry  curves of the  S-NB stage control  system gains (ao, al) 
are presented i n  Figure 41. The form and the  numerical values f o r  each 
of t he  individual  S-IVB component t r ans fe r  functions may be found i n  
Reference 16. 

The 

The S-IB s t age  control  svstem is t h a t  described i n  Section 

A s t r u c t u r a l  loads ir.dicator well su i t ed  f o r  malfunctioning 
vehicle  t r a j ec toy r  ana lys i s  is the  "bending mornext c r i t i c a l  m t i o " .  
Time h i s t o r i e s  of ber.ding moment c r i t i c a l  r a t i o s  a re  obtained by comput- 
i ng  the bending moments and axial loads a t  severa l  vehicle  s t a t ions .  The 
axial load values are used t o  compxte the  c r i t i c a l  bending moment. value. 
The c r i t i c a l  bending moment a t  each s t a t i o n  corresponds t o  t h a t  value f o r  
which a s t r u c t u r a l  l i m i t  is v io la ted ,  ?he bending zoment c r i t i c a l  r a t i o  
f o r  each s t a t i o n  is the  quot ient  of the  bending moment a t  t h a t  s t a t i o n  
and the  corresponding c r i t i c a l  bending moment f o r  t h a t  s t a t ion .  
a bendin? moment c r i t i c a l  r a t i o  equal to uni ty  represents  the  l imi t ing  
cons t ra in t  f o r  s t r u c t u r a l  i n t e g r i t r .  Eending moment c r i t i c a l  r a t i o s  are 
used i n  t h i s  ergine nut con t ro l l ab i l i t y  ana lys i s  r a the r  than the  c r i t i c a l  
qa r a t i o s  discussed i n  Section 3.2.2. The c r i t i c a l  qa r a t i o s  cannot 
be used s ince the  a.p s t r u c t u r a l  limits data emp1o;:ed t o  compute these 
r a t i o s  is based upon eight engine f l i g h t .  See Heference 22 f o r  fu r the r  
d e t a i l s .  

Hence, 

Design winds spec i f ied  i n  Refersnce 10 are used with aodi f i -  
c a t i m s  es tab l i shed  i n  Refereme 23 t o  conform t o  the MSFC pract ice .  
Basicall,-,-, t h i s  p rac t i ce  is t o  use wind shear values which w i l l  not be 
exceeded 30 percent of  t h e  t h  ( r e d x e d  by 1 5  percent) t o  e s t ab l i sh  a 
wind speed bui ld  UF t o  a quasi-stea$f-state, s c a l a r  wind speed er.-IFtlope 
a t  a prescribed a l t i t u d e .  A t  the prescribed a l t i t u d e ,  a t r a p e m i d a l  
gus t ,  which w i l l  not be exceeded =5, percent of t he  time (reduced 1;:r 15 
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percent) ).  is superimposed gpon the wind p r o f i l e .  
steady-state envelope is chosen t o  be compatible with September, October, 
arid November winds i n  each d i r ec t ion  referenced t o  the f l i g h t  plane 
(Figure 42). 
found in Reference 19. 
are most probable in  t h e  direct ions corresponding t o  a ta i lwind and 
l e f t  crosswind, 
i n  t h i s  engine f a i l u r e  studv. 

The pe rcen t i l e  quasi- 

The September, October and November wind envelopes are 
As shown in Figure 42, large magnitude winds 

Consequentl,y, only  ta i lwinds and crosswinds are analyzed 

Ir. order t o  compare engine failure e f f e c t s ,  it is first nec- 
essary t o  generate envelopes f o r  loads and c o n t r o l l a b i l i t y  parameters 
associated with e igh t  engine f l i g h t .  
sub2ecting an otherwise nominal f l i g h t  t o  a spectrum of superimposed 
design winds. e igh t  engine f l i g h t  data then are used t o  provide 
the b a s i s  f9r comparison with engine oct  f l i g h t .  
than absolute approach is convenient because the  analysis is e s s e n t i a l l y  
a t r a j e c t o r y  comparisor,. The s t r u c t u r a l  loads indicators  are calculated 
internal1:J within the d i g i t a l  t r a j e c t o r y  simulation by approximate loads 
computation formulas. 
more accurate than might be presupposed, serve primarily as a means f o r  
indicat ing the  f l i E h t  cmdi t ions  and vehicle s t a t i o n s  where possible 
s t ruc t i l ra l  problems a r e  more l ikekv t o  occur. 

This objective i s  accomplished by 

The 
This comparative r a t h e r  

These approximate loads computations, although 

Tfie second s t e p  i n  the  engine out analysis  is the simulation 

The t r a j e c t o r i e s  are 
of vehicle f l i p h t s  which are otherwise normal but with an  engine f a i l e d  
a t  selected times during f i r s t  s tage boost f l i g h t .  
computed w i t h  the AS404 Saturn I 9  pi tch a t t i t u d e  comnand engine out 
s t ee r ing  compensation u t i l i z e d  subsequent t o  the engine f a i l u r e .  
t r a j e c t o r y  set provided t h e  information use fu l  f o r  the preliminary veri-  
f i c a t i o n  of t h e  acceptabi1it:r of t h e  AS-20L Saturn I B  engine out s t e e r i n g  
compensation f o r  the AS-205/CSM-101 mission. 
"steadr-state" ( i . e . ,  no wind) values f o r  con t ro l  gimbal de f l ec t ion  and 
bending moment c r i t i c a l  r a t i o s  a r e  indicat ive of the c o n t r o l l a b i l i t y  and 
loads trends as a function of t he  time of engine f a i l u r e .  The engine out 
t r a j e c t o r y  set  a l s o  provides trend data of t he  post separation controlla- 
b i l i t - r  of t he  second s tage.  
function of engine out time is applicable toward ver i fying the accep tab i l i t y  
of the AS-20L Saturn I2 engine out s t ee r ing  compensation f o r  AS-205/CSM-l01 
s taging controllabil i t- :  requirements. 

This 

Examination of the peak 

The va r i a t ion  of s tage separation qa as a 

The f i n a l  s t e p  i n  the technical  approach is the f i n a l  veri- 
f i ca t ion  of the AS-20L Saturn I B  er.gine out s t e e r i n g  compensation f o r  
the AS-205/CSM-101 mission. 
comprehensive wind response and s tage separat ion motion analyses. 
velopes of the peak t r ans i en t  -ralues f n r  loads and c o n t r o l l a b i l i t y  para- 
meters corresponding t o  each engine out tinre are generated by subject ing 
t h e  vehicle t o  a spec tmn  of SuFerimposed design wind shear and gust 
disturbances over t k e  range of a l t i t u d e s  within the  post engine out high 
qa f l i g h t  region. Second s tage t r a j e c t o r i e s  a r e  a l s o  simulated f o r  
each engine out time i n  order t o  detennine peak dynamic response transients 
during the  f i r s t  few seconds following stage separation. The enmlopes 
of extrem, values f o r  a l l  pa ramte r s  are used compatibly t o  provide final 
v e r i f i c a t i o n  of the accep tab i l i t y  of the AS-204 Saturn IB engine out 
s t e e r i n g  compensation for  the AS-205/CSM-101 mission. 

This objective is accomplished by means of a 
En- 
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2.4.3 Results 

The primary ind ica to r  of c o n t r o l l a b i l i t y  during S-IB boost 
f l i e h t  is t h s  maximum control  engine gimbal def lect ion.  I n  Figures 
44 and 43 are shown the  envelopes of peak control  gimbal de f l ec t ion  
without engine failure f o r  a spectra  of superimposed 50 percent design 
crosswinds and 95 percent design tailwinds.  
3.7 degrees a t  an a l t i t u d e  of 13 kilometers. 
t o t a l  avai lable  con t ro l  gimbal de f l ec t ion  remains for accommodating an 
engine out ml func t ion .  

The maximum value shown is 
Thus, 53.8 percent of the 

Figures 46 and 45 present the envelopes o f  maximum bending 
moment c r i t i c a l  r a t i o s  as a r e s u l t  of spectra  of 50 percent design cross- 
winds and 95 percext design tailwinds superimposed during e igh t  engine 
f l i g h t s .  Bending moments c r i t i c a l  r a t i o  is an indicator  f o r  s t r u c t u r a l  
i n t e g r i t y .  
vehicle s t r u c t u r a l  limis have been exceeded. 
is showA i n  Figure 45 is approximately -67. 
t h i s  f igure are f o r  t he  worst case vehicle s t a t i o n  arid f o r  a sa fe ty  
f a c t o r  of 1.40. 

A c r i t i c a l  r a t i o  value of uni ty  o r  greater  indicates  the 

All values presented i n  
The l a r g e s t  r a t i o  which 

In Figures 47-49 are  p lo t t ed  versus time of engine f a i l u r e ,  
the envelopes of "stea&r-state" peak values ( i . e . ,  no wind) f o r  control  
gimbal de f l ec t ion  and bending momert c r i t i c a l  r a t i o  (S.F. = 1.40). The 
peak values are t'le extremes found during the high q time of f l i g h t  sub- 
sequent t o  t h e  engine f a i l u r e  time for  which the associated time of chi- 
freeze is shown i n  F i v e  40. It  is inferred t h a t  the trend behavior 
of these stead:-state peak values due only t o  engine f a i l u r e  and s t ee r ing  
compensation is  indicat ive of the t rend behavior of extrema exhibited 
b-7 bending moment r a t i o  and control gimbal def lect ion with superimposed 
wind induced t r ans i en t  conditions. 

A preliminary v e r i f i c a t i o n  of t h e  accep tab i l i t y  of the engine 
out s t e e r i n g  compensation shown i n  Figure 40 is accomplished through 
examination of the da t a  shown i n  Figures 50 and 51. 
i n  these f i p r e s  is based upon control  engine No. 3 or No. L being f a i l e d  
during boost with a no wind condition. 
of Fipire 50 i n  which the  aerodynamic moment on the S-IVB stage a t  physical 
separat ion is shown versus the tine of engine f a i l u r e .  
separat ion @:namic response t r ans i en t  peaks are increasing functions of 
the aerodvnamic moment on the S-IVB s tage a t  physical separation. 
data  i n  Figure 50 i nd ica t e s  t h a t  the worst engine f a i l u r e  time f o r  S-TVB 
post separat ion c o n t r o l l a b i l i t y  occurs a t  approximately h5  seconds of 
f l i g h t  time. 
Figure 51 (s taging qa product) i l lust rates  the f a c t  t h a t  s taging aero 
moment is proportional t o  the s taging q a  product. 

The data presented 

Pa r t i cu la r  note shou ld  be taken 

The S-IVR post 

The 

A comparison of Figure 50 (s taging aero moment) with 

Plot ted aga ins t  tine of H-1 engine f a i l u r e  i n  Figures 52-51, 
are the  envelopes of maximum nagnitudes of post separat ion 5-2 engine 
p i t c h  control  gimbal def lect ion,  S-IVB p i t ch  a t t i t u d e  e r r o r ,  and pitch 
r a t e ,  respectively.  The peak values represent extrema obtained from 
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second s t age  f l i g h t  simulation over a t ime i n t e r v a l  which begins a t  
s tage separat ion and terminates a t  the  Iterative Guidance Mode (second 
s t age  steering) i n i t i a t i o n .  
f l i g h t  simulations r e f l e c t  orQv t h e  e f f e c t s  of H-1 engins failure with 
its corresponding engine out s t e e r i n g  compensation. Furthermore, H-1 
engine failure occurs i n  t h e  presence of a no wind condition. 
three va r i ab le s  i n  the above f igures  exh ib i t  similar t rends i n  the dy- 
namic response t r a n s i e n t  peak envelopes. 
and p i t c h  a t t i t u d e  rate t h e  maximum magnitude occurs for a n  H-1 engine 
f a i l u r e  time of 65 seconds. 
f l e c t i o n  is  maximum f o r  an H-l engine f a i l u r e  a t  l i f t o f f .  

The ini t ia l  conditions of the second s t age  

A l l  

For both p i t ch  a t t i t u d e  error 

The 5-2 engine p i t c h  control  gimbal de- 

The prescribed limits f o r  post  separat ion c o n t r o l l a b i l i t y  
are 7 degrees 5-2 con t ro l  gimbal def lect ion,  15.3 degrees a t t i t u d e  e r r o r ,  
and 10 degrees per second a t t i t u d e  r a t e .  
be associated with t h e  S-IVB control  system i n t e r n a l  limits and t h e  first 
l i m i t  is t o  be iden t i f i ed  with the  5-2 engine gimbal stops. As shown 
i n  t h e  Figures 52-54 the  maximum parameter magnitudes for engine out f a i l u r e  
are 1.4 degrees, 2.4 degrees, and 0.73 degrees per second, respectively.  
Thus, t he  chi-freeze policy as shown in Figure 40 requires no change i n  
order t o  accomodate acceptable post separat ion S-IVB c o n t r o l l a b i l i t y .  

The l a s t  two limits may 

F i n a l  v e r i f i c a t i o n  of the accep tab i l i t y  of t h e  engine out 
s t ee r ing  compensation as depicted i n  Figure 40 is obtained from a com- 
prehensive wind response r i g i d  body analysis  f o r  engine out f l i g h t s .  
The r i g i d  body wir.d response data are obtained by subjecting t h e  vehicle 
t o  an engine out malfunction and spectra of superimposed 50 percent design 
crosswinds and 95 percer.t r?esier. tallwinds. Shown i n  Figure 55 are the 
envelopes of peak control  gimbal def lect ions i n  response t o  the above 
mentioned winds f o r  d i f f e ren t  f a i l u r e  times of engine No. 4. Each of 
t h e  points defining these envelnpes is obtained by f i r s t  s e l e c t i n g  a 
p a r t i c u l a r  wind d i r ec t ion  and engine out time f o r  engine No. 4 f a i l u r e s .  
Next, a series Qf t r a j e c t o r i e s  are simulated f o r  d i f f e ren t  wind gust 
i n i t i a t i o n  a l t i t u d e s .  Zach of the s e r i e s  incorporates t h e  same wind 
d i r ec t ion  and engine failure time, 
t i a t i o n  a l t i t u d e )  the maximum value of control  gimbal de f l ec t ion  is 
recorded. F i n a l l r ,  a p lo t  is made of these recorded maximum control  
gimbal de f l ec t ions  versus gust i n i t i a t i o n  a l t i t u d e .  
t h i s  p lo t  is the  value presented i n  Figure 5 5 .  From Figure 55 it can 
be seen t h a t  t h e  maximum control  gimbal de f l ec t ion  encountered i n  an 
engine out f l i g h t  w i t h  superimposed 95 percent design tailwinds is 6.9 de- 
grees. ( I n  comparison, t h e  m i m u m  gimbal de f l ec t ion  required for  e i g h t  
engine f l i g h t  with the above winds is 3.7 degrees.) Thus, t h e  chi-freeze 
policy as shown i n  Figure 40 requires no compromise i n  order t o  maintain 
adequate control  capabilit:; fo r  engine out f l i g h t .  

For each t r a j e c t o r y  (wind gust in i -  

The peak value on 

I n  Figure 56 is shown the envelopes of peak bending mawnt 
c r i t i c a l  r a t i o s  (S.F. = 1.40) i n  response t o  a spectrum of 50 percent 
d e s i ~ n  crasswinds and 95 percent design tailwinds f o r  d i f f e r e n t  Engine  No. 4 
failure times. 
bv t h e  same method used i n  defining the peak control  gimbal de f l ec t ion  

Each of the points  defining these e n ~ l o p e s  is obtained 



envelopes o f  Figure 55 .  It can be seen from Figure 56 that engine 
out f l ight with superimposed 95 percent design ta i lwinds results i n  a 
rm&num bending nmment c r i t i c a l  r a t i o  of .70. (Eight engine f l i g h t  
with t h e  above winds produces a nraximum bending.mment c r i t i c a l  r a t i o  
of .67) Thus, t h e r e  exists sufficient margin between t h e  maximum 
r a t i o  values and the  l imi t ing  value of uni ty  t o  preclude sqy possi- 
b i l i t y  of vehicle  l o s s  by s t r u c t u r a l  failure. Therefore, t h e  chi- 
freeze policy as shown i n  Figure 40 requires  no change i n  order t o  
insure s t r u c t u r a l  i n t e g r i t y  f o r  engine out f l i g h t .  

I n  order t o  provide a mre complete p i c tu re  of t he  e f f e c t s  
of engine f a i l u r e  upon vehicle dpamic  response, Figure 57 shows en- 
velopes of peak r o l l  a t t i t u d e  e r r o r  responses t o  a spectrum of 50 
percent QSS crosswinds and 95 percent design ta i lwinds i n  combination 
with engine No. 4 f a i l u r e s .  It is seen t h a t  t he  maximum roll a t t i t u d e  
e r r o r  experienced i n  an engine out f l i g h t  with superimposed 50 percent 
QSS crosswinds i s  4.6 degrees. 
excursions are t h e  appreciable e f f e c t s  of control  channel cross coupling. 
Therefore, t he  chi-freeze policy as shown i n  Figure 40 is proven t o  be 
adequate f o r  a l l  control  considerations. 

Implici t  i n  t h e  roll a t t i t u d e  e r r o r  
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2.5 S-IB/S-Iw STAGE SEPA?ATION ?ZL4IlE NOTION 

2.5.1 0b.iective 

The obtectit-e of t h e  s tage  separat ion analpis  is t o  v e r i f y  
S-IB/S-IVB s tag ing  capabi l i ty  f o r  t k e  AS-205/CSM-l91 primary mission. 
S-IB/S-IVE s tage  separa t ion  capab i l i t y  is a l s o  inves t iga ted  f o r  single 
r e t r o  rocket i g n i t i o n  fa i lwes.  
during separa t ion  relati-,-e motion, la teral  clearance of t h e  5-2 engine 
b e l l  with t h e  S-IE in te rs tage  is  accomplished and S-IVB post  s tag ing  
controllabi1it:r i s  mix ta ined .  
dyramic responses dcr ing the  e n t i r e  S-FB stage boost f l i g h t  are a l s o  
determined . 

Stagir,g capabi l i ty  is assured i f ,  

Emelopes of r i g i d  body con t ro l l ab i l i t y  

2.5.2 Discxssiox 

me I"irst requiremexts f o r  successful  A s - ~ o ~ / c s M - ~ o ~  S-IB/ 
S-IVB stage separatior.  is  l a t e r a l  clearance of t he  5-2 b e l l  with the  S-IB 
in te rs tage  dur i rq  t h e  pk i s i ca l  separatior.  r e l a t i v e  motion. FigJre  58 
depic ts  J-2 b e l l  i r i t i a l  l a t e r a l  clearance a t  the  i c t e r s t age  exit plane 
and is based upor. Deferemes 27 ar.d 2C. 
s tage  separat ion is retent ior .  of the  S-IIT stage con t ro l l ab i l i t y  during 
and a f t e r  i t s  physical  separatior. f r x  the  S-IB s tage.  

The second requirement of successfu l  

Both Fqtez t i s l  separa t ion  problems of J-Z b e l l  in te rs tage  col- 
l i s i o n  and S-I?? s tage  coE9vllabi l i t ; :  a r e  .mainly a f fec ted  (assuming no 
r e t r o  f a i lu re s )  b:: l s rge  aero&.-nanic moments o r  a t t i t u d e  rates ex i s t ing  
a t  f i r s t  s tage  boost f l i g k t  te rmina t im.  These twd problems can be mini- 
mized by appropriate  f i r s t  s tage boost t r a j ec to ry  shaping which reduces 
tq acceptable levels the  d-.i.unic p r e s s x e ,  argle af a t t ack ,  and a t t i t u d e  
rates a t  separat ioc.  Therefore, the  :*2-205/CSN-101 first s tage boost 
f l i g h t  is terminated k-7 a nose dow. r i d  subsequent chi-arrest  maneuver 
such t h a t  t h e  angle of a t t w k  is  sml; and the a t t i t u d e  r a t e ' i s  e s s e n t i a l l y  
zero a t  S-IB/S-IVE f i r s t  relati-.-e motion. 
i J L  seconds and tke chi-arrest  is i r - i t i a t ed  a t  13L.S seconds as spec i f ied  
ir. Reference 2". h tb ,na rd  engine cutoff OCCUFS a t  U3.1:2 seconds and 
the subsequent S-I1,/S-nTB s tage  separat ion sequence of events i s  as shown 
in Table L 

The nose down is  i n i t i a t e d  a t  

(See Reference 32). 

The mair. contr ibxtor  t o  thy physical separat ion of t he  S-IB 
s tage from t h e  S - I E  s tage is the  t h r a s t  o f  t he  four r e t r o  rockets.  To 
a very s l i g h t  degree, :he three  d l a g e  t h r x s t s  a l s o  contribute t o  the  
ph:.rsical separation. Proper phasixg T f  the  r e t r o  t h r u s t  with respec t  t o  
the  Separation s igna l  and H - 1  tf..rJst deca:: is necessay7 f o r  successful  
s tag ing  and is shown i n  F i e i r e  5 4 (See 3eference ?=I. The time h i s t o r i e s  
of the  r e t r o  axd c l lage  ttr-ists a r e  gbtained from References %Q and 30, 
respectivet; .  Reference 31 pro-:ides the H - 1  t h r a s t  decay prof i les .  Irn- 
Fir.gemer.t of the  r e t r o  rmke'. F l x i e s  or. t h e  -:chicle crea tes  pressure dis- 
t r i b u t i o m  on the  surface of  t he  S-Z3/S-;7;?3 in te rs tage  and lower S-IVB 
stage.  
then becorne as-rmnetric thereby caxsing inbalanced forces  t o  a c t  on the 

I f  a r e t r o  rocket f a i l s  2s i gn i t e ,  these pressure d i s t r ibu t ions  
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stages as shown i n  Figures 60 and 61. This imbalanced force condition 
c o n s t i t u t e s  a p o t e n t i a l  S-IB/S-IVB c o l l i s i o n  hazard. 
ca t e s  that t h e  S-IVB s t age  is  without e f f e c t i v e  5-2 control  t h r u s t  f o r  
approximately 4.0 seconds after physical separat ion from the S-IB stage. 
It is during t h i s  time interval t h a t  S-IVE stage dynamic t r a n s i e n t s  
can become excessively l a rge .  

Figure 59 indi- 

All t r a j e c t o r i e s  f o r  t h i s  analysis are generated with a 
d i g i t a l  f l i g h t  mechanics computer rout ine which simulates r i g i d  body 
vehicle motion i n  th ree  dimensional space with six degrees of freedom. 
The computer input data  which define launch vehicle  physical  character- 
i s t i c s  and the  data  which describe the  t r a j e c t o r y  shape and sequence of 
events conform t o  Reference 39. Separation aerodynamic c h a r a c t e r i s t i c s  
of the two launch vehicle stages correspond t o  those of Reference 32 
and mass c h a r a c t e r i s t i c s  t o  those of Reference 33. 

I n  order t o  ve r i fy  post separation S-ITia stage c o n t r o l l a b i l i t y ,  
envelopes of r i g i d  body dynamic responses a r e  generated during t h e  S-IVB 
stage boost f l i g h t  from separat ion s t ruc tu re  severed t o  o r b i t a l  i n j ec t ion .  
The data  presented include a nominal time h i s to ry  with 23u bands f o r  each 
of e igh t  S-IVB c o n t r o l l a b i l i t y  parameters. The +3u bands a r e  determined 
from off nominal conditions,  These off nominal conditions a r e  simulated 
one a t  a time and include those which occur during f i r s t  stage boost a s  
w e l l  as those which occur during S-IVB f l i g h t .  For a given f l i g h t  time 
and S-IVB c o n t r o l l a b i l i t y  parameter, the +3cr deviation about t he  nominal 
is determined by adding t o  the nominal, the root-sum-square of the posi- 
t i v e  incremental excursions r e s u l t i n g  from each o f f  nominal condition 
considered independentxr. A similar method is used t o  obtain the - 3C 
deviation about the nominal. The tolerances which a r e  t h e  main contri-  
butors t o  S-IVB @,mamic excursions during S-IB/S-IL'E separation are 
those S-IB boost f l i g h t  tolerances which have the g rea t e s t  influence 
on q a  product dispersions a t  staging, and S-IVB stage var ia t ions which 
increase the moments on the S-IVB stage. 
magnitudes considered for  determining the S-119 dprLr,ic responses during 
separat ion motion (See Reference 34). 

Table 7 shows the tolerance 

The S-IB/S-IVB po ten t i a l  c o l l i s i o n  problem subsequent t o  n 
single  r e t r o  rocket failure is investigated with t h e  l a t e s t  avai lable  
estimates f o r  forces and t h e i r  points of app l i ca t ion  which are repre- 
sentat ive of pressure d i s t r ibu t ions  due t o  as.ynanetric plume impingements. 
The S-IB/S-IVEi r e l a t i v e  motion r e su l t i ng  from each of four r e t r o  rocket 
f a i l u r e s  i n  combination with s tage separation tolerances,  subsequent t o  
a nominal S-IB boost f l i g h t ,  is analyzed i n  order t o  a sce r t a in  successful  
r e t r o  out s t ag ing  p robab i l i t j .  The quoted p robab i l i t i e s  are defined by 
the  probabi l i ty  law: 

P I :  2 P i  
i =  1 

where: P i probabi l i ty  of 
rocket f a i l e d  

Pi" 

successfG1 separat ion with one r e t r o  
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Pi .=  probabi l i tp  t h a t  r e t r o  rocket number r l i t l  is t h e  one 
which f a i l e d  

Pi* probabi l i ty  of successful  separa t ion  with r e t r o  rocket  
number “il’ fa i l ed .  

The Pi* p robab i l i t i e s  quoted p r t a i n  t o  the  emulative d i s t r i b u t i o n  
funct ion,  Each Pi” i s  determined by root-sum-squaring t h e  incremental 
la teral  travel due t o  each tolerance with r e t r o  rocket number nirt 
fa i l ed .  
inf luence on S-IB/S-IVB relative la teral  motion are those which create 
s i g n i f i c a n t  moments on t h e  S-IB stage.  
from aerodynaxic to le rances  are not la rge  enough on e i t h e r  s tage  t o  be 
s i g n i f i c a n t  contr ibutors  t o  a po ten t i a l  S-IB/S-I\T co l l i s ion .  
separa t ion  tolerances considered in t h e  r e t r o  out co l l i s ion  analysis are, 
therefore ,  r e t r o  rocket t h r u s t  -rariation (e compcsite) , r e t x  rocket 
t h r u s t  misal ignmnt (not  composite), and ‘S-IB l a t e r a l  CG deviat ion (no 
aerod-marnic t o l e r a r x e x  
8 ar.d are derived from References 20,  35 and 36, respect ively.  

Those s t age  separa t ion  tolerances which have the  greatest 

Aerodynamic moments r e su l t i ng  

The s tage  

Values f o r  these tolerances are given i n  Table 

2.5.3 ?.esalts 

Fieures 62 through 9 are a sumnary of  the  AS-205/CSM-101 
S-IVE con t ro l l ab i l i t y  from separat ion s t ruc tu re  severed (T!X + 1.370 
seconds) t o  o r b i t a l  in jec t ion .  
h i s tor7  with L ~ u  bands f o r  each of  e igh t  S-IVB con t ro l l ab i l i t y  parameters. 
The e ight  parameters shown are p i tch ,  yaw, and r o l l  a t t i t u d e  e r r o r s  and 
body rates, and J-? pi tch  and :raw control  gimbal def lect ions.  
parameters are influenced mink7  b:.r t he  S-IB boost tolerances (primary 
contribLtors t o  qa product s taging dispers ions) ,  misalignment of t h e  . 
5-3 t h r x s t  with the S-iYF: s tage ,  and S - I n  CG la teral  deviation. 
widths o f  the  3 u  ewe lopes  fo r  these e igh t  parameters ind ica te  t h a t  
t he  ;,“-205/CSM-101 mission success w i l l  not be impaired. 

These f igures  present a nominal time 

These 

The 

The s ingle  r e t r o  rocket f a i l x e  r e s u l t s  a re  presented i n  
Figure 58 ard  Figure 70, ar.d Table 9. Table 9 gives the Latera l  c lear-  
ance *?f the  undeflected 5-2 b e l l  bottom ( a t  in te rs tage  exit  plane) with 
t h e  S-IF in te rs tage  f o r  each of  the folir s i n g l o  r e t r o  rocket failures 
possible .  assumir,g t h a t  1025 kgm of t h e  res idua l  S-IB propel lants  become 
unseated during r e t ro  actior,.  These r e s u l t s  are based upon a l l  retrc 
f a i l u r e s  ceina s i rmls tec  during an otherwise nominal separat ion subse- 
quent t o  a nominal 5-IE boost f l i g h t .  The smallest la teral  clearance 
is  .255 mters which r e s u l t s  when r e t r o  No, 3 f a i l s .  Figure 70 presents  
the  J-? b e l l  lateral  drifts i n  p ro f i l e  view fo r  nominal and r e t r o  out 
cond i t ims  with the  5-2 gimbal locked ar,d t he  maxirnUm expected required 
5-2 deflectior.  of . e  degrees. I n  addi t ion  3 sigma d f  nominal d r i f t s  
for the above cases a r e  a l s o  depicted. These r e s u l t s  assume 1025 kgm 
of t he  r e s idua l  S-19 propel lants  become unseated during r e t r o  rocket 
t h rus t ing  and retrr, out conditions are f o r  t he  w a r s t  case, i .e.,  a f a i l u r e  
of r e t r o  No. 3 .  Asswning 1025 ken. of the r e s idua l  S-IB propel lants  are 
unseated during retrc! rocket t h r s t i c g ,  it is estimated t h a t  t he  probab- 
ilit:- (cl;rr;;lative dis5r ibut ion)  of t h e  5-3 bel l  c lear ing  t h e  in t e r s t age  
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for a s ingle  r e t r o  f a i l u r e  in combination with stage separat ion to l e r -  
ances is 49.e2% (2.91 
am2 unseated during r e t r o  rocket th rus t ing ,  it is estimated t h a t  t he  
probabi l i ty  (cumulative d i s t r ibu t ion )  of the  5-2 b e l l  c lear ing the  
in te rs tage  w a l l  f o r  a single r e t r o  f a i l u r e  i n  combination with s tage  
separat ion tolerances is 98.22% (2.100). 

). Assuming t h a t  no r e s idua l  S-IB propel lants  
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2.6 AUXILIAR? PROPUISION SYSTEM ORBITAL PROPELLANT REQUIR;WENI'S 

2.6.1 Objective 

The object ive of t he  Auxiliary Propulsion System ( A B )  
o r b i t a l  propel lant  requirements analysis is t o  v e r i 0  that t h e r e  is 
s u f f i c i e n t  APS propellant aboard the  S-IVB stage t o  control  t h e  vehicle  
during t h e  o r b i t a l  maneuvers. 

2.6.2 Discussion 

The Auxiliary Propulsion System, shown i n  Figure 71, con- 
sists of two self-contained propulsion systems (modules) mounted on 
the  S-IVB a f t  s k i r t  l e 0  degrees apa r t  approximately i n  t h e  p i t ch  plane. 
Each module contains three 150 lb .  t h r u s t  hypergolic a t t i t u d e  control  
engines and individual  f u e l  and oxidizer supply systems. 
one is each module directed radialkv outward, a r e  f o r  p i t ch  control.  
The remaining four  engines, two per module, are opposed and directed 
nearly t angen t i a l  t o  the vehicle surface.  These l a t te r  four  engines 
a re  f o r  combined roll-yaw control  during o r b i t a l  f l i g h t ,  and during powered 
f l i g h t ,  a r e  used i n  opposing p a i r s  f o r  r o l l  control.  

Two engines, 

The APS control system and laws are  found i n  Figure 72. 
The control  l a w s  a t t i t u d e  e r r o r  gain ( a o )  values are equal t o  1.0 
degrees per degree and the a t t i t u d e  r a t e  gain ( a 1 )  values are equal  
t o  5.0 degrees per degree per second. The 5-2 con t ro l  system which 
remains ac t ive  during o r b i t a l  f l i g h t  maintains the same gains which 
were scheduled a t  5-2 cutoff s ignal .  

The desired a t t i t u d e  time l i n e s  are shown i n  Figure 73, 
(See Reference 38). The pi tch,  yaw, r o l l  angles are ordered ro t a t ions  
defining the  o r i en ta t ion  between the vehicle coordinate system and the  
i n e r t i a l  platform system. 
define t h e  o r i en ta t ion  of the vehicle longitudinal axis with the  launch 
plane. Pitch a t t i t u d e  indicates  the in-plane vehicle o r i en ta t ion  and 
yaw a t t i t u d e  the out-of-plane or ientat ion.  
AS-205/CSM-101 Mission a re  included i n  Tables 4 and 10, ? See References 
37 m d  3e).  Orbital  5-2 t h rus t  h i s to ry  is found i n  Figure 74 (See Refer- 
ence 1 ) .  

Under zero r o l l  conditions, p i t ch  and yaw 

Maneuvers re uired f o r  t h e  

The t r a j e c t o r i e s  calculated f o r  t h i s  analysis have been 
generated using a d i g i t a l  computer routine which simulates r i g i d  body 
vehicle motion i n  three ro t a t iona l  degrees of freedom. 
vehicle dynamics 
c h a r a c t e r i s t i c s ,  and the  S-IVB stage 5-2 control system characteris-  
t i c s  are inchded .  

The e f f e c t s  of 
i n e r t i a l  cross-coupling, APS logic ,  APS hardware 

2.6.3 Results 

The APS o r b i t a l  propellant r equ i r emnts  analysis reveals 
t h a t  the nominal A P S  propellant consumption f o r  modules 1 and 3 are 
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as i l l u s t r a t e d  i n  Figure 73. The estixmted nominal and 3- u pro- 
pel lant  consqpt ior .  a t  t h e  time of S-NB/CSM separat ion are 25.9 lbs .  
and 35.3 lbs., respectively.  The estimated nosriinal and 3-u pro- 
pe l l an t  consumptions a t  t h e  termination of guaranteed I U  l i f e t i m e  are 
59.0 lbs. and 82.5 l%., respectively.  The nominal and 3-u times of 
propellant deplet ioz are estimated t o  be 3.5 hours and 6.8 hours, re- 
spectively.  
consumption of L lbs. and 5.6 lbs. during S-IVB stage powered f i i g h t .  

Tke estimates are based upon a nominal and 3- u prgpel lant  
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FIGURE 4 
AS-205/CSM-l01 DRIFT I'ERStE WIND SPEED 
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F I G U E  5 

AS-205/CSM-101 LIFTOFF I M B I L I C A L  TIMER COLLISION 
WIXI L I M I T  FOR APOIJ.0 ACCESS ARM P L A T F O M  
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FIGURE 6 

CONTROL DEFIECTiOOK COMBINATION L I M I T  
AS-205/CSH-101 LIFTOF WIND SP%ED AND COMFOSITE 
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FIGURE 8 

AS-205/CSM-101 LIFTOFF EIGINE FAIUTRE WIND RESTRICTION 
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FIGURE 12 

AS-205/CSM-101 lJXC,NAL FLIGHT 
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AS-205/CSM-l01 NOMINAL FLIQ?T 
DYNAMIC PElESSURE AM) TRIM PITCH ANGLE OF A!R!ACK 
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FIGURE 11 
AS-205/CSM-101 CONI?IoL SYSTEM MIPS 
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FIGURE 24 
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FIGURE 25 

AS-205/CSM-101 ENVEIL)PES OF S-IB STAa FLIGHT ATTITUDE RA1"Es 
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F1GiiB.E 26 

AS-205/CSM-101 ENVEIOPES OF S I B  STAGE FLIGiT ANGUS 2F ATTACK 
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FICURE 27 

AS-205/CS-101 ENVELOPES OF S-IB STAGE FLIBIT CONTROL IEFIECTIOBE 
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RESPONSE OF THE AS-205 VEHICLE TO FLIGHTS 
THROUGH A SPECTRUM OF SYNTHETIC WIND 

PROFILES BASED ON SEASONAL COCTOBERI AND 
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FIGURE 29 
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FIGURE 30 

RESPONSE OF THE AS-20.5 VEHICLE TO FLIGHTS 
THROUGH A SPECTRUM OF SYNTHETIC WIND 
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RESPONSE OF THE AS-205 VEHICLE TO FLIGHTS 
THROUGH A SPECTRUM OF SYNTHETIC WIND 

PROFILES BASED ON SEASONAL COCTOBERI AN0 
D I RECT I ONAL C 72O FL I GHT AZ I MUTH I ENVELOPES 
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RESPONSE OF THE AS-205 VEHICLE TO FLIGHT 
THROUGH A SAMPLE REAL WIND SIMULATING 
BETWEEN TWO SIGMA AND THREE SIGMA PEAK 

WIND SPEEDS IN THE MONTH OF OCTOBER 
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FIGURE 33 

RESPONSE OF THE AS-205 VEHICLE TO FLIGHT 
THROUGH A SAMPLE REAL WIND SIMULATING 
BETWEEN TWO SIGMA AND THREE SIGMA PEAK 
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F I G U E  34 

RESPONSE OF THE AS-205 VEHICLE TO FLIGHT 
THROUGH A SAMPLE REAL WIND SIMULATING 
BE’TWEEN TWO SIGMA AND THREE SIGMA PEAK 

WIND SPEEDS I N  THE MONTH OF OCTOBER 
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FIGURE 35 

RESPONSE OF THE AS-205 VEHICLE TO FLIGHT 
THROUGH A SAMPLE REAL WIND SIMULATING 
BETWEEN TWO SIGMA AND THREE SIGMA PEAK 
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FIGURE 36 

RESPONSE OF THE AS-205 VEHICLE TO FLIGHT 1 
I THROUGH A SAMPLE REAL WIND SIMULATING 

BETWEEN TWO SIGMA AND THREE SIGMA PEAK 
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RESPONSE OF THE AS-205 VEHICLE TO FLIGHT . t  
THROUGH A SAMPLE REAL WIND SIMULATING 
BETWEEN TWO SIGMA AND THREE SIGMA PEAK 

WIND SPEEDS I N  THE MONTH OF OCTOBER 
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FIGURE 38 

I 
RESPONSE OF THE AS-205 VEHICLE TO FLIGHT 1 

THROUGH A SAMPLE REAL WIND SIMULATING 
BETWEEN TWO SIGMA AND THREE SIGMA PEAK 
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RESPONSE OF THE AS-205 VEHICLE TO FLIGHT 
THROUGH A SAMPLE REAL WIND SIMULATING 
BETWEEN TWO SIGMA AND THREE SIGMA PEAK 
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FIGURE 43 
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PICURE 50 
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TABLE 1 

AS-205/CSM-101 LIFTOFF SUMMARY 
UMBILICAL TOWER 

TIKE DRIFT PER DRIFT PER 
REQUIRED DRIFT PER UNIT COMFOSITE UNIT COMPOSITE 

OBSTRUCT10 N OFFSET MISALIGNMENT DEFUCTIC1N ERROR 
OBSTRUCTION m CLEAR UNIT CG THRUST co NTROL 

(SEC) (WTrnT) (ET/DW ( MET/PEG) 

Apollo Access 
A r m  Platform 6 2 0  30.43 4.04 2.023 

Tower Top 7.05 33.05 4.47 2.235 

Lightning Mast 
TOP 7.95 43.84 6.22 3 108 

INITIAL 
AVAILABLE 
CLEARANCE OBSTRUCTION 

FINAL 
AVAILABLE 
CLEARANCE 

MINIMUM $ 
OF INITIAL 
CLEARANCE 

(MET) (MET) (73 
95% QS 30- 95% as 3u 
DESIGN N3V DESIGN NOV 
WINDS WINDS WINDS WINDS 

Apollo Access 
A r m  Platform 5 . ! d  1.64 1.20 30.60 22.39 

Tower Top 6.31 2.17 1.58 34.39 26.62 

Lightning Mast 
TDP 9.95 rc. 43 3.92 U.48 39.36 

Apollo Access 
A n n  Platform 5.06 1.33 0.79 26.2i3 15.41 
(With Camera) 
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. TABLE2 

TIHE DRIFT PER DRIFT PEIl m- DRIFT Pm UNIT C O M K S I T E  UNIT COWPOGITE 

CBTRUCTIEOW OF?SET )IISALIcEJIIwT DEFLECTION ERROR 
OBSTRUCTION To CLEW UNIT CG THRUST CONTROL 

(SIQ:) O & ? r r n )  ( r n I D E G )  ( H E T ~ E G )  

he1  )last l e  15 0.36a 0. a4 0.1203 

Short Cable Mast If 0.80 0.2697 0.U30 0.0716 

O e  1430 0.0716 Short Cable Hast IV 0.80 0.2697 

INITIAL FINAL mmlm (x, 
OBSTRUCTION AVAIIABLE AVAILABLF: OF INITIAL 

CLEARANCE CLEARANCE C f S a N C E  
(a) (a) (%I 

95% css 343. 95% Qss 3a 
DESIGH Nov DESIGN NOV 
WMbS UItiDS WIlIDS UIaDS 

Ale1 pill )last U O  120.1 119.7 92.38 93. Oe 

b X  I20 U . 0  111.0 92.50 92.50 

Short Cable )br& fI 79 73 .? 73.7 93.29 93.29 

Short Gable Hast 79 73 .? 72.5 93.39 91.77 



TABLE 3 

H-1 ENGINE THRUST MISALIGNMENT 
DUE TO VMICLE ELECTRICAL & MECKkNICAL TOLERANCES 

0%. 1 
CONTRIBUTIR CONTROL FIXED 

E l e c t r i c a l  Nulls 
--- 1. P & Y  . lo .16 

--- 2. %ate Gyro P !t Y .I2 5O/d .:1 

3 .  Servo Amp .6 MA . a 075 --- 

5. Actuator Pat 178. MV .069 --- 
--- 4. Servo Val-le .6 MA ,075 

Mechanical MisaliRnmnt 

6.  Pad t o  First Ref. Plane P & Y 69 .16 --- 
7. S-Ib s-IVB P 4 Y 69 . 1'. --- 

c), IU Platform P & Y 

Undetectable Bias 

10. Unsymetrical Engi3e Thrust l+5' .530 . 5 3 '  

1.f # ,  11. Eneine t o  S-IB Ref. Plane 32' .500 . J  

12. Actuator Tie Points 30 500 --1 

-u- 



TABLE 4 

SEQUENCE OF EVENTS 

MMINAL FLIGHT PROGRAM 
TIME TIME 
(SEC.1 (SEC . EVENT 

- 5.00 

- 3.10 
0.00 

0.20 

10.20 

75.00 

100.20 

120.20 

133.41 

134.50 

136.91 

140.11 

Lk3.11 

144.21 

144.41 

144.49 

u. 54 

Guidance Reference Release (GRR) . 
Init iate S-IB Mainstage. 
I g n i t i o n  Sequence. 

F i r s t  Mot ion. 

Lift-off Signal; Initiate. 
Time Base 1. 

I n i t i a t e  Pi tch and Roll  Maneuvers. 

Maximum Dynamic Pressure. 

Control Gain Switch Point. 

Control Gain Switch Point. 

Enable S-IB Propellant Level Sensors, 

T i l t  Arrest. 

Level Sensor Activation. 

I n i t i a t e  Time Base 2. 

Inboard Engine Cutoff ( IEM). 

Outboard Engine Cutoff (gECfd). 

I n i t i a t e  Time Base 3. 

Ullage 90% Buildup. 

Separation Signal. 

S-IB/S-IVB Separation Structure  
Severed. 

Retro 10% Buildup. 

S-IB/S-IVB Separation F i r s t  Motion. 
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TABIE 4 (CONT'D.) 

SEOTJENCE OF EVENTS 

NOMINAL FLIWT PROGRAM 
TlME TIME 

(SEC . (SEC.) 
EVENT 

3.44.57 

144.61 

144.87 

ut5.42 

145.56 

lk5. e l  
118.16 

149. 41 

151.  el 

156.43. 

163.11 

168.25 

343.11 

454.41 

454.61 

614.63 

614.83 

617.03 

624.63 

634.83 

(1.513 

Retro 90% Buildup. 

S-IVB Rol l  Control and 5-2 Gimbal 
Activation. 

H - 1  100% Decayed. 

Ungimballed 5-2 Bell Clears Top of 
Inters tage (Nominal). 

UngimbaIled J-2 Bell Clears Top of 
Inters tage (One Retro Out). 

5-2 Engine S t a r t  Command. 

Ullage Burnout. 

90% 5-2 Thrust Level. 

P.U.  Mixture Ratio 5.5 On. 

J e t t i s o n  Ullage Rocket Motors, 

J e t t i s o n  Launch Escape Tower. 

Command 7 2.: Tnitiation. 

Control Gain Switch Point. 

P.U. Mixture Ratio 5.5 Off 

P.U. Mixture Ratio 4.5 On 

h i d a n c e  Cutoff Signal ( E S ) .  

I n i t i a t e  Time Base 4. 

P.U. Mixture Ratio 4.5 Off. 

Maintain Cutoff Inertial Atti tude f o r  
20 Seconds from TB4. 

O r b i t  a1 I n s e r t  ion. 

I n i t i a t e  Maneuver t o  Align the S-IVB/ 
CSM Along the Local Horizontal (CSM 
Forward, Posit ion I Down) and Maintain 
with Respect t o  Local Reference. 
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TABU 4 (OONT'D.) 

SEQUENCE OF EVENTS 

645.03 

675.03 

5666.83 

6387.83 

9021.0 

94LJ.O 

9801.0 

10296.0 

10 521.0 

ll8k1.0 

168U. 83 

( 9186.17) 

( 9681.17) 

(16200. ) 

Init iate LOX Tank Blowdown. 

End LDX Tank Blowdown. 

Initiate LDX Tank Dump. 

End LOX Tank Dump. 

Begin Manual Control of S-IVB Att i tude 
from t h e  Spacecraft .  

Maneuver i n  Roll ,  Pitch,  and Yaw w i l l  
be base'd on Maximum Cammandable Rates 
of 0.3O/Second i n  Pi tch and Yaw, and 
O.S*/Second i n  Roll.= 

End Manual Control of S-IVB Att i tude 
from Spacecraft. The I .U.  w i l l  return 
t o  Programed Timeline whenever the  
Spacecraft Relinquishes Atti tude Control. 

I n i t i a t e  Maneuver t o  Pitch Nose Down 20° 
from t h e  Local Horizontal (Pos i t ion  I 
Down) and Maintain Orb i t a l  Rate. 

I n i t i a t e  I n e r t i a l  Atti tude Hold Using 
Platform Gimbal Angles a t  the  Specif ied 
I n i t i a t i o n  Time. Maintain Iner t ia l  
Atti tude.  

Nominal CSM Physical Separation. 

Initiate Maneuver t o  A l i g n  t he  S-IVB/IU 
Along the Local Horizontal, T a i l  Leading 
and Roll  t o  Posi t ion I up. 

Haintain Orb i t a l  Rate. 

End of S-IvB/IU Lifetime. 

w)c Haneuvers which are planned t o  be emrc i sed  during manual control  of the 
S-IVB atage,  am d e f i m d  i n  Table 10. 
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TABLE 5 
WIND RFSWBE DISPERSIONS FOR AS-205/CSM-101 

MN-WIND BIASED TIWEC'TO2Y 

75% DESIGN HEAnFnND 

TME 
(-c 1 
56.0 
63.0 
69.2 
72.0 
75.2 
77.7 
79.7 

TIME 
(sed 
56.8 
64.0 
70.0 
72.9 
75.5 
78.0 
80.3 

TIHE 

55.9 
63.3 
69.3 ' 
72.6 
75.2 
77.7 
79.6 

(-1 
TIWlE 

56.8 
63.8 
70.4 
72.8 

"75.6 
77.8 
80.5 

ALTIRIPE 
(W 

6 
8 

10 
11 
12 
u u 

ALTITUDE 
(a) 

6 
8 

10 
11 
12 
l3 
l4 

ALTITUDE 
(W 

6 
8 

10 
11 
l2 u u 

ALTINDE 

6 
8 

10 
11 
I2 
l3 
21 

WIND SPlmI 
( W a c  1 

37.9 
47.4 
57.0 
57.0 
57.0 
57.0 
57.0 

WIND §PEED 
(n/s= 1 

37.9 
47.4 
57.0 
57.0 
57.0 
57.0 
57.0 

a88 
(Deg 1 
2.92 
2.69 
2.42 
1.83 
1.71 
1.62 
1.46 

688 
(eeg) 
.a 

1.11 
1.20 
0 . V  
1.19 
1.30 
1.l.4 

AaiEKt 
(Dee) 
2.03 
1-93 
2.08 
2.39 
2.19 
2.u 
2.19 

ASHGAB 
(kg1 

.21 

.43 
1.52 
2.21 
2.39 
2.32 
2.26 

95% DESIGN HEADWIND 

%s 
( k g  1 
3.66 
3 e32 
3.02 
2.22 
2.11 
2.02 
1.86 

488 
b 8 )  

.20 
1.22 
1.50 
1.33 
1.53 
1.68 
1.40 

ASHElla 
(be)  
2.48 
2.51 
2.81 
3.19 
2.98 
2.87 
2.85 

ASHEIB 

- 27 
093 

2. 55 
3 032 
3 e74 
3 e 4 5  
3.20 

(ad 

ACUSPS 
(Dee 1 
1.56 
1.23 
1.02 
-97 
e 9 8  
.88 
78 

AGUSTS 
(Des) 

* 38 
71 

1.08 
1.17 
1.19 
1.08 

.08 

AGUSI'S 
(hg 1 
1 . 5 1  
1.22 
.% 
.94 

1.01 
.83 
.62 

AGUSTS 
(a61 

.48 
e 9 7  

1.31 
1.60 
1.28 
1.27 
1.00 

AC , C  (be? 
05 

* 03 
.a2 -. a4 
.10 
.09 
.02 

A%, C (4 
1.52 
1.56 
1.42 
1.35 
1.29 
1.15 
.98 

.os 

.22 
e09 
.10 

'.22 
.18 . 10 

AC1,C 

1.88 
1.99 
1.87 
1.86 
1.55 
1.61 
1.25 

( D O J  



TABLE 5 
(Continued) 

7% DESIGN TAIIWIND 

TmE 
(-4 
56.0 
63.1 
69.3 
72.0 
74.8 
7'7.2 
79.7 

(-c 1 
57.0 
64.0 
70.2 
72.9 
75.6 
78.1 
80 .5  

TIKE 

TME 
(set 1 
56.1 
63.1 
69.4 
72.0 
75.0 
77.4 
'79.8 

T M 6  
(*c) 

57.0 
61.0 
70.1 
73.0 
75.6 
78.1 
80.2 

ASBAR 
(pee) 
-2.23 
-2.25 
-2.20 
-2.57 
-2.35 
-2.93 
-2.80 

ASBAR 

- 045 - .03 - .I& 
-1.19 
-1 49 
-1. I& 
-1.58 

(W 

95% DESIGN TAIIWIND 
ASHBIR 
(ad 
-2.82 
-3.00 
-3 .ob 
-3 039 
-3.44 
-3.31 
- 3 . u  

A- 
(W 
- 061 - 033 - 094 
-1.53 
-1.98 
42.22 
-2.19 

AGUSrS 
(be) 

-1.87 501 
-1.53 -001 
-1.32 -003 
-1.U - 0 0 6  
-1.U 9.01 
-1.03 -001 - 0 9 8  0.01 

- 0 5 4  -1.28 - e 4 4  -1.42 - 045 -1.30 - .60 -1.20 - -69 -1.08 
-1.21 - 0 9 9  - -71 - 087 

-1.92 - 0 0 3  
01-57 - 0 0 6  
-1.34 . 01 
-1.20 . 01 
-1.11 001 
-1.04 001 
-1.16 001 

-1.51 
-1.75 
-1.64 
-1.52 
-1.40 
-1.27 
-1.09 



TABU 5 
( Continued) 

75415 DESIGN LEFT CROSSWXNP 

WInDmm a88 ASEAR 

37.9 -3 13 -2.26 
47.4 -2.90 -2.18 
57.0 -2 . 89 -2.29 
57.0 -2.28 -2 74 
57.0 -2.07 -2.75 
57.0 -2.00 -2.68 
57.0 -1.85 -2.65 

(W- 1 (be) (*g) 

ImDSpIEIFD PSS ASHEAR 
(W* 1 (hg) (Dee) 

37.9 - -36 - -36 
47.4 - 0 9 2  - e27 
57.0 -1 e 29 -1 19 
57.0 -1.05 -1.90 
57.0 -1.25 -2.31 
57.0 -1 36 -2.44 
57.0 -1 32 -2.26 

56.0 
63 .O 
69.2 
72.0 
74.8 
77.2 
79.7 

56.9 
64.0 
70.1 
v . 9  
75.5 
76.0 
a004 

TME 
(-) 

56.0 
63.0 
69.2 
72.1 
74.8 
77.2 
79- 6 

57.1 
64.0 
70.1 
72.9 
75.5 
78.1 
80.5 

6 
8 

10 
ll 
12 u 
l4 

ALTITUDE 
(Karl 

6 
8 
10 
11 
12 
13 
l4 

6 
8 

10 
ll 
12 
3.3 
l4 

6 
8 
10 
11 
12 
13 
l4 

95% DESIGN LEFT CW)SSlINI, 

WmDSpggD %a ASHEAR 
(n/* 1 (MI) (Ded 
51.0 -4.20 -2.55 
63.0 -3 e 65 -3.00 
75.0 -3 74 -3.26 
75.0 -3.00 -3.65 
75.0 -2.70 -3 0 70 
75.0 -2.59 -3 91 
75 -0 -2.50 -3 045 

(W-) (*g) (W 
51.0 - e 4 0  - e57 
63 -0 - .99 - 0 7 3  
75 e 0  -1 59 -2.00 
75.0 -1.83 -2.90 

75.0 -1.79 -3 . 59 
75.0 -1 70 -3.42 

Psr A3mhR 

75.0 -1 65 -3 -38 

-1.77 -.a 
-1.49 -.01 
-1 33 -.02 
-1.18 -.a 
-1.l8 +. 05 
-1.07 - 0 0 4  
-1.02 -.01 

ACUSTS 
(W) 
- e 5 4  -1 49 - -65 -1.63 - 0 9 0  -16 55 
-1.04 -1.U 
-1 09 -1.38 
-1.10 -1.30 
-1.05 -1 17 

-1.85 . 01 
-1.45 . 01 
-1 16 01 

- -80 . 01 
-1.20 . 01 
-1.03 . 01 

-1.20 .ai 

AGUSTS 
(be) 
- .62 -1.76 - 079 -2.a 
-1.22 -2.u - 034 -2.76 
-1.20 -1.80 
-1.10 -1.73 
-1.03 -1 49 
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TIME 
(W 
56 .O 
63.2 
69.2 
72 .O 
75.1 
77.8 
79.9 

TIME 
( s e 4  

56.8 
64.0 

7') . ? 
75.5 
76.0 
80.2 

70.0 
C P  

TIME 
(set) 

56.0 
63.1 
69.4 
72.6 
74.8 
77.2 
79.8 

TIME 
(Set) 

57.0 
6~ 
70.3 
?3 .O 
75.6 
78.2 
80.5 

ALTITUIE 
(W 

6 
8 

10 
ll 
12 
13 u 

ALTITUDE 
( Km) 

6 
8 

10 
11 
12 
13 
14 

ALTITUDE 
(Km) 

6 
6 

10 
11 
12 
13 
3.4 

ALTI"E  

6 
8 

10 
I3 
12 
13 
l4 

(KJd 

TABU 6 

FOR AS-205/CSM-101 
TORY 

WIND SPEED 
( M / W  

32.2 
39.6 
47.0 
47.0 
47 .O 
47.0 
47.0 

mND SPEED 
(M/Sec) 

32.2 
39.6 
47.0 
47.0 
47.0 
47.0 
47.0 

-8 

(Des) 

2.49 
2.32 
2.08 
1.57 
1.48 
1.40 
1.20 

B S S  
( b g )  

.26 
1.01 
1.10 

78 
1.00 
1.10 
1.05 

ASIEAR 
(Ded 
1.71 
1.57 
1.77 
2.03 
1.87 
1.80 
1.91 

ASHEAR 
(Des) 

.25 

.30 
1.15 
1.60 
1.92 
2.00 
1.99 

75% DESIGN HEAPWIND 

WIND SPEED 
( Y/Sec) 

37.9 
47.4 
57.0 
57.0 
57.0 
57.0 
57.0 

WIND SPEED 
(M/%c) 
37.9 
k7.4 
57.0 
57.0 
57.0 
57.0 
57.0 

4.19 2.01 
3.93 1.91 
3.86 2.02 
3.38 2.26 - .- 
3 2 7  2.39 
2.86 2.19 
2.29 2.3-4 

@S8 ASHEAR 
( h g )  (he) 

.15 -36 
1.27 .86 
2.00 1.96 
2.21 2.70 
2.40 2.89 
2.16 2.57 
1.81 2.21 

AGUSTS 
(W 
1.69 
1.31 
1.06 

* 95 
.98 
.89 
.82 

AGmTS 
(Del?) 

.31 

.62 

.94 
1.02 
1.10 
0 9 0  
.68 

AGUSTS 
(md 
1.44 
1.20 . 98 
1.05 

.84 

.90 
-81 

AGUSTS 
(hd 

.19 
0 9 8  

1.33 
1.38 
1.30 
1.23 

099 

A C l ¶ C  (De3 
.01 . 01 
.01 
.OS 
.07 
.10 
.05 

AC1 C 
(&? 

1.29 
1.40 
1.29 
1.20 
1.16 
1.00 

0 9 0  

ACl,C (mf  
01 . 01 . 01 

.01 . 01 . 01 
001 

&¶C 
(De3 

1.81 
1.84 
1.67 
1.52 
1.62 
1.11, 
1.05 



TABLE 6 
( C ont hued)  

75g DESIGN TAILWIND 

TIME 
(set) 

55.1 
63.8 
65.5 
72.3 
’75 .O 
77.4 
20 .G 

TIME 
(Set) 

57.3 
SL. 2 
70.3 
73.0 
75.a 
78.3. 
80.6 

TIME 
(Set) 

63.3 
b 3 . 5  
72 .3  
75.0 
“7.5 
$0.0 

TIME 

5”.2 

(Set) 

5’7.1 
64.1 
70.2 
73 .O 
75.7 
78.1 
80.’: 

ALT IT’JDE 
(Km) 

6 
8 

10 
11 
I2 
l3 u 

ALTITUDE 
(Km) 

6 
8 

10 
11 
12 
l3 u 

ALTITUDE 
( K d  

6 
8 

10 
11 
12 
13 
3.4 

ALTITUDE 
(Km) 

6 
8 
10 
11 
12 
13 
uc 

WIND SPEED 
(M/Sec) 

37.9 
47.L 
57.0 
57.0 
57.c 
57.c 
57.0 

!cL?i-L SPEZT) 
( !!/Se c) 

37.0 
L7.4 
57.0 
57.c 
57.J 
57.c 
57.(- 

a s s  
(bg) 

-1.29 
-1.06 
-1.30 - .30 - .09 - .30 - .50 

Pss 
(Dee) 

- .1? - ,33 - .a - -08 - .40 - .26 - .33 

05% DESIGN TAILWINP 

W I P L  SPEED 
( 14 /Se c ) 

51.0 
63.0 
“5 .O 
75 .@ 
75.c 
I ,.o 
r1.0 

WIND SPEED 

- r  

- C  

(WSec) 

51.0 
63 .O 
75 .O 

75.0 
75.0 
75.G 

” C  I J.0  

a s s  
( w) 
-2.21 
-1.85 
-1.86 - .98 - .63 - .EO 
-1 .oo 
PSS 

(Dee) 
- .31 - .w - .75 - .16 - .29 - .50 - .62 

ASHEAR 
(Ded 

-1.19 
-2.22 
-2 -02 
-2.68 
-2.5C 
-2.40 
-2.3 5 

ASHEAR 
(Deg) 

- .47 - .u 
-1.06 
-1.35 
-1.37 
-1.63 
-1.80 

ASHEAR 
(Dee) 

-3.78 
-?.% 
-3 2 5  
-3.54 
-3.51 
-3.40 
-3.15 

ASHEAR 
(Del31 

- .58 - .12 - .95 
-1.8L 
-2.05 
-2.29 
-2.20 

AGUSTS 
(Ded 

-1.92 
-1.59 
-1.48 
-1.27 
-1.2e 
-1.G - .9! 

AGUSTS 
( b g )  

- .45 
- .03 
- .A1 
- .69 - .73 - .60 

- Ed 
r ,  

AGUSTS 
(Deg) 

- .94 
-1.73 
-1.45 
-1.36 
-1.28 
-1.03 
-1.30 

A Gt JSTS 
(bg) 

- .36 - .32 - .45 - .55 - .68 - .71 - .6e 

AC1,C  
(Degf 

- .31 - .01 - .@1 - .01 - .01 - .20 - .x 
A C 1 , C q  

( wf 
-1.02 
-1.12 
-1.06 
- .e4 
-1.00 - .Fo - .85 

A C l , C ?  
( 2 4  

01 
.01 
.01 
. O l  
01 

. O l  

.01 

AC1,C 

-1.35 
-1.47 
-1.41 
-1.25 
-1.19 
-1. l E  
-1.11 

(De& 

-u9- 



TABLE 6 
( C ont hued) 

TIKE 
( Se C) 

56 .O 
63.3 
69.5 
72.1 
75.2 
77.2 
79.9 

TIME 
(see) 

57.0 
6 ~ 0  
70.2 
73 .O 
75.8 
78.1 
80.5 

TIME 
(set) 

56.0 
63.1 
69.4 
72.2 
75.5 
77.6 
80.0 

TIME 
(set) 

57.0 
64.1 
70.2 
73.0 
75.8 
78.0 
80.5 

ALTITUDE 
(Kd 

6 
8 

10 
11 
12 
13 
14 

ALTITUDE 
(Km) 

6 
8 

10 
11 
l2 
13 
u 

ALTITUDE 

6 
8 

10 
11 
I2 
13 
11 

ALTITUDE 
(Km) 

6 
8 

10 
u. 
I2 
13 
11 

37.9 -3.00 -2.21 
47.4 -3.85 -1.07 
57.0 -2.79 -2.23 
57.0 -2.l4 -2.71 
57.0 -2.01 02-77 
57.0 -1.98 -2 70 
57.0 -1.78 -2.62 

WIND SPEED Bss *ASHEAR 
( W S 4  (md (M3) 

37.9 - -30 - -41 
k7.4 - -85 - e49 

-1 3 5 57.0 
57.0 -1.12 -2.06 
57.0 -1.31 -2.u 
57.0 -1.41 -2.48 
57.0 -1.39’ -2.26 

-1 3 0  

51.0 -3.90 -2.80 
63 .O -3.60 -2.95 
75.0 -3.65 -3.25 
75.0 -2.96 -3.59 
75 .O -2.60 -3.68 
75.0 -2.50 -3.65 
75.0 -2.35 -3.34 

WIND SPEED BEE ASHEAR 
( m e  c 1 (be) (hg) 

51.0 - .31 - .6L+ 
63.0 - .85 -1.03 
75.0 -1.61 -2.22 
75.0 -1.49 -3.U 
75.0 4.70 -3.51 
75.0 -1.80 -3.62 
75 .O -1.75 -3.37 

A GUSTS 
(hg) 

-1.91 
-1.58 
-1.56 
-1.33 
-1.15 
-1.04 
-1.03 

AGUSTS 
(bg) 

- .48 - .68 - .% 
-1. u. 
-1.16 
-1.32 
-1. u> 

AGUSTS 
(W 
-1.75 
-1.50 
-1.28 
-1.25 
-1.24 
-1.16 
-1.19 

AGUSTS 
( h d  
- .57 - .83 
-1.22 
-1.22 
-1.22 
-1.15 
-1.09 

ACl,C (b3 
- .01 - .01 - .01 - .01 - .01 - .01 - .01 

AC1,C 

-1.50 
-1.78 -1.u 
-l.U 
-1.35 
-1.30 
-1.11 

(mf 

ACl,C2 
(Deg) 

, O l  
.01 
. O l  . 01 
. O l  
* 01 . 01 

ACl ,C 

-1.80 
-2.07 
-2.05 
-1.91 
-1.85 
-1 73 
-1.54 

(h3 



TABLE 7 

L.5 -205/CsM-101 IQST SEPARATION S-IVB PEAK DI?LX*!IC XESPCIEES TOLER;IIL<ES 

- ITIN DEVIATION 

Thrust Misalignment (Pi tch)  
Thm t Misalignment (Yaw) 
Thrust Misalignmnt ( R o l l )  

Center of Gravity Offset  (2) 
Center of Gravity Offset  (X) 
Thrust Misalignmnt ( P i t c h )  
T h r u s t  Misalignment (Yaw) 

+1.75 Degrees (Not Cor.FLxite) 
z1.75 Degrees (Not Cxipos i .  e)  
21.75 Degrees (Not i m p o s i t e )  

- -C.C5 Meters 
10.05 Xeters 
- T1.24 Gegrees 
- +l.ZL+ Gegrees 

TABLE 8 

STAGE SEPARATION TOLERANCES CONS1 IK;:FEP I N  THL .'.S-?O5/r.SM-I.O1 

ZINC& RET!?[) OUT COLLISION ANALYSIS 

In34 DEL. IA T I 0  K - 
Retro Thrust Variation (I;.?: Composite) 
Retro Thrust MisalignmenT&& Composite) + - .50 Legrees 
SIB Lateral CS Offset - 4 1.1 1rid.es 

- t i 3 . 2 d  



AS-205/CSM-101 SINGLE RE’lRQ RDCgET FAIWRE STAGIER3 ANALYSIS 

Retro Failures AT Simulated During an Otherwise Nominal Separation 

k 

Retro Failed 

No, 1 

No. 2 

No. 3 

No. 4 

No, 1 

No. 2 

No. 3 

No. 4 

Lateral Clearance Assuming 3.025 
Kgm. of Residual S-IB Propellants 

Become h e a t e d  * 
(Mters) 

3 0 1  

.288 

.255 

.270 

* Lateral clearance of the undeflected 5-2 bell bottom 
(at Interstage Exit Plane with the S-IB Interstage) 

Retro Failed 

- I 



TABIE 10 

PRI)POSED MANEWERS To QUALTFY MANUAL COEJTRDL OF %I'VE ON .X-205/CSH-lOl MISSION 

1. 

2. 

3 .  

4. 

5. 

6 .  

7. 

8.  

5. 

10. 

11. 

12. 

13. 

PULSE I N  EACH AXIS 

-PITCH FOR 9" 

STOP RATE, HOLD IIiERTGL ATTITUDE 

+PITCH FOR 30" 

STOP RATS, HOLD 1EF.TIAL ATTITUDE 

-ROLL FOR 20" 

SKIP RATE, HOLD IFXRTIAL ATTITUDE 

+IIDLL FOR 20" 

STOP RATE, HOLD ITiERTIAL ATTITUDE 

-YAW FOR 15" 

STOP RATE, HOLD INERTIAL ATTITJDE 

+YAW FOR 150 

SMP RATE, HOLD IhZRTIAL ATTITIIIIE 

SEC 

30 SEC 

30 SEC 

10 SEC 

10C SEC 

10 SEC 

LO SEC 

20 SEC 

40 SEC 

2Q SEC 

50 six 
10 SEC 

50 six 

10 SE.C 

TIME" 
KIN: E C  

O:?O 

1: 00 

1: 10 

2 :  50 

3:OO 

3 :  4L7 

4: 00 

4: LO 

5:OO 

5: qo 

6 : ~  

6: 50 

7 :  00 

* TIME FHIM INITIATION OF MANUAL CONTIUIL ( 3 : 3 0 : 0 O  a . T )  O R  (84(~!..l ' /)~ 

- NOTE: WRIK CREW TRAINIK CHANGES M THIS SYQJENCE WII.1. AE MATIE 
IF FOUND 'ID BE NECESSARY. 

-123- 
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